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During the middle and late '60fs a large exploration 
effort for Mississippian petroleum production was under­
taken in Bent, Cheyenne, Kiowa, and Prowers counties in 
southeastern Colorado. This study determined the economic 
regional impact of the expenditures and sales associated 
with this exploration, by incorporating the matrix algebra 
techniques of input-output analysis. Data was gathered 
largely from secondary sources, and the results of the study 
indicated that the impact was slightly negative, although 
this conclusion should be accepted conditionally in light 
of certain limitations of the input-output procedures.
This study determined the regional economic impact of 
this exploration program by using Leontief's input-output 
framework in the following manner:
1) The 1963 interindustry relationships in the 




2) The regional purchases associated with 
the exploration program were determined 
from interview information and introduced 
into the 196 3 regional interindustry struc­
ture as a new column. The exploration in­
dustry^ product, new information, had to 
be treated as sold to the export sector, 
due to a computational limitation of the 
computer program used in the analysis.
3) The changes in the output multipliers from 
1963 to each year of exploration activity 
were used as the criteria for judging the 
impact of the new industry.
The results of the study indicated that the introduc­
tion of the petroleum exploration industry reduced the growth 
potential of the regional economy to a slight degree, al­
though absolute output of the region did increase. These 
results may have been different if 1) the industry's sales 
could have been treated as an input to the regional crude
petroleum sector rather than an export, 2) the subsequent
increases in the production of crude petroleum had been con­
sidered, and 3) certain limitations of the input-output
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In the past decade it has become apparent that an 
inverse relationship exists between unrestricted economic 
growth and the quality of the environment. With the in­
creasing concern for proper management of man's relationship 
to his environment, the tradition of equating economic well­
being solely with increases in real national product has 
come under close scrutiny. Many have suggested that the 
"quality of life" must be included, along with the "quantity 
of life," as a criterion for judgment of the worth of any 
future activity of man that is intended to increase his well­
being. The Limits to Growth ^  is an example of a recent 
attempt to quantify the quality of life and to functionalize 
the variables that determine man's welfare.
The exploration for and the severance of mineral and 
energy resources is a prime example of this inverse or 
"trade-off" relationship between environmental and economic 
welfare. The products of mineral and energy operations are 
needed to provide the tangible inputs for the creation of
1.
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national product; however, in most severance operations 
some degree of environmental damage will occur. In light 
of the public concern for the environment, it is necessary ' 
to compare the environmental impact of any proposed mineral 
resource extraction project with the associated economic
impact, in order that maximum welfare can be achieved.
(2)Leontief's development of input-output analysis has
provided an extremely comprehensive method of quantifying 
the economic impact of various structural changes in an 
economic region. Its application to resource management 
can be seen in many studies ^  ^  ^ ; however, the author
is not aware of any such application to a specific mineral 
exploration or severance program. These previous studies 
describe relatively large economic regions, but no study 
has been discovered that both details the economic structure 
of a small region and also shows the effects of changes in 
the mineral and energy sector. It is therefore the purpose 
of this paper to apply the input-output framework to a small 
section of Southeast Colorado to determine the economic impact 
of a petroleum exploration program that took place in that 
area. In the course of the analysis every attempt will be 
made to illuminate special problems and to suggest a means
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of overcoming these problems, with the hope that similar 
hindrances in future studies can be avoided.
It should be noted that no attempt will be made to 
show the opposing environmental impact. It is realized that 
an environmental impact analysis should be undertaken in 
order to indicate the "trade-offs"; however, such a study 
will be left to those who have expertise in that area.
On August 9, 1964 the 1-Schmidt well at NW-NW-25-21S-46W 
penetrated an oil-producing zone in the Mississippian system. 
This discovery defined the Commanche Field and although it 
never achieved commercial significance, the completion aroused 
great interest in the possibility of further Mississippian 
production, unknown in the area before this time. An exten­
sive exploration program commenced that did not peak out 
until 1970.
According to Matson and Schneider ^ , "The major tec­
tonic element in the area...is the Las Animas arch.". The 
areal extent of this feature covers Bent, Cheyenne, Kiowa, 
and Prowers counties in Southeast Colorado.
In consideration of both the extent over time of the 
exploration program and the geographic extent of the area 
considered for the exploration program, the following study 
will be concerned with economic impact of the expenditures
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associated with the search for Mississippian oil in the 
four above-mentioned counties in the years 1964-1969.
For purposes of this study, the petroleum exploration 
program has been broken down into three specific phases: 
geophysical activity, leasing activity, and drilling activity. 
(Initial geological investigations have been excluded, as 
regional expenditures associated with this phase are minute 
and difficult to quantify.) Associated with each of these 
three phases are specific expenditures that flow to various 
sectors of the regional economy. It was expected that the 
greatest direct economic impact on the study region was 
generated by leasing expenditures, followed by living ex­
penditures of nonlocal labor. No hypothesis of the indirect 
impact was made, as this effect was highly dependent upon 
the quantification of the regional interindustry relation­
ships .
Specific technical limitations to the study will be 
discussed in the final chapter; however, here it should be 
noted that any type of analytical modeling is intended to 
provide a workable, simplified framework for describing a 
real-world situation. The simplifying assumptions of the 
model, while making analysis easier, will introduce inaccur­
acies into the study. This is true of any model, no matter
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how complex; therefore, any differences between the real- 
world regional impact of petroleum exploration and the 
impact shown by the following analysis may be due to the 
simplifications of the incorporated model. Every attempt 
will be made to insure that both the description of the 
regional economy and the evaluation of petroleum exploration 
are accurate, but divergence from the real world must never­
theless be expected.
Chapter II of this paper will provide a basic descrip­
tion of the demographic, geographic, economic, and geologic 
aspects of the study region. Chapter III will illuminate 
the basic elements of input-output analysis, along with the 
methodology of applying the interindustry framework to the 
study. A discussion of the specific application of inter­
industry analysis to the study region will be found in Chap­
ter IV, and as a result, an input-output model of the region 
will be generated. The evaluation of the various elements 
of the exploration expenditures and the incorporation of 
this data into the model will be found in Chapter V. The 
final chapter will show the results of the study and provide 
some criticism of the validity of these results in light of 
certain limitations.
DESCRIPTION OF THE STUDY REGION
In order to provide a background for further analysis, 
the operating environment for the petroleum exploration pro­
gram under study must be determined. A review of this en­
vironment is presented under the following headings:
1) Geographic Characteristics
2) Demographic and Economic Characteristics
3) Geological Characteristics
Geographic Characteristics
The study region, consisting of Bent, Cheyenne, Kiowa, 
and Prowers counties, has approximate dimensions of 75 by 
100 miles, and a surface area of 6745 square miles, or 
4,316,800 acres. Elevation ranges from 3200 feet to 5000 
feet. Basically a high-plains region, the area has varied 
climatological characteristics. The summers are hot, with 
frequent afternoon showers; the winters are moderate, but 
occasional extreme blizzard conditions may exist.
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The study area is drained by the Arkansas River and
its tributaries. This drainage system provides irrigation
(7)for the agricultural sectors of the economy
During the study period, three major railroads traversed 
the area: the Atcheson, Topeka and Santa Fe; the Missouri
Pacific; and the Union Pacific. Major highways crossing the 
region were U.S. 40, U.S. 50, U.S. 287, and Colorado 96.
For further geographic details, see Figure 2-1.
Demographic and Economic Characteristics
The study region exhibits a demographic feature that 
is characteristic of many other similar rural areas in the 
nation. An examination of column one of Table 2-1 shows 
that population has decreased in the study area from 1960 to 
1970. If normal fertility and death rates were assumed, 
the decrease in population can be attributed only to a migra­
tion from the region. This migration is an example of the 
similar trend on the national level, whereby the population 
is shifting from rural to urban areas.
An inspection of Figures 2-2 and 2-3, age structure 
diagrams, shows which age groups of the regional population 
are leaving the area. The sharp percentage drop in the 20- 
to 24-year old age group indicates the trend of many young 
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85 yrs. and over: 0.60% 
80-84 yrs. : 1.16%
75-79 yrs.: 2.12% 
70-74 yrs. : 3.22%
65-69 yrs .: 3.96%
60-64 yrs. : 4.09%
55-59 yrs.: 4.39% 
50-54 yrs.: 5.26% 
45-49 yrs.: 5.56% 
40-44 yrs.: 5.88% 
35-39 yrs.: 6.31% 
30—34 yrs.: 5.78% 
25-29 yrs.: 5.13% 
20-24 yrs.: 5.21% 
15-19 yrs.: 7.9 0% 
10-14 yrs.: 10.63%
5-9 yrs. : 11.34%
Under 5 yrs. : 11.38%
FIGURE 2-2
AGE STRUCTURE DIAGRAM OF STUDY REGION, 1960
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85 yrs. and over: 1.30% 
80-84 yrs.: 1.67%
75-79 yrs.: 2.36% 




50-54 yrs. : 5.6 5%
45-49 yrs.: 5.83%
40-44 yrs. : 5.55%
35-39 yrs.: 5.05%
30-34 yrs . : 5.35%
25-29 yrs .: 5.28%
20-24 yrs. : 5.99%
15-19 yrs.: 10.08%
10-14 yrs.: 11.03%
.5̂ 9 yrs.: 10.17%
Under 5 yrs.: 8.10%
FIGURE 2-3 
AGE STRUCTURE DIAGRAM OF STUDY REGION, 19 70
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This migration at a young age presents possible barriers 
to economic growth in the region. Potential final demand 
has been transferred from the rural area to more urban areas. 
Additionally, the migration results in a shrinkage of the 
work force necessary for the creation of regional product.
Columns three through seven of Table 2-1 provide some 
basic indicators of the economy of the study region. Columns 
three and five show, respectively, current adjusted gross 
income and current retail sales. Columns four and six are 
adjusted gross income and retail sales expressed in real 
dollars. These real-dollar values were generated by dividing 
the appropriate consumer price index, shown in column two, 
into the associated current value. This procedure eliminates 
effects of price increases, i.e., loss of purchasing power 
of the dollar.
The decreases in real adjusted gross income and real
retail sales during the periods '63-'64 and '67-'69 require
explanation. In 1963 and again in 1964 the region experienced
draught conditions in the summer and long periods of sub-
(11)freezing weather during the winter . It is reasonable
to trace the effects of these extreme climatological condi­
tions to the decreases in the real indicators, when the de­
pendence of the total economy upon the agricultural sectors 
is realized.
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The decline of both real retail sales and real adjusted 
gross income during the '67-'69 period is most likely a re­
flection of similar decreases in the real value of farm pro-
(12)ducts in the nation during the same period . Again the
importance of the farm sectors to the regional economy is 
highlighted.
The accuracy of these correlations between weather con­
ditions and the regional economic indicators, and between 
national and regional indicators could best be shown with 
multiple regression analysis; however, such analysis is not 
within the direct scope of this study. Deductive, qualita­
tive explanations of the variations in the regional indica­
tors are felt to be sufficient for an introductory under­
standing of the region's economy.
The assessed valuations shown in column seven of Table 
' 2-1 have not been adjusted to real dollars, as no proper 
indexes for this deflationary operation exist; however, the 
indicated values are nevertheless significant in that they 
do give some idea of the extent of real property wealth in 
the region. It should be noted that, according to policies 
of the Colorado Tax Commission, these assessed valuations 
are intended to represent 30 percent of the fair market value 
of the properties; therefore, any judgment related to the
T-1565 14.
value of property in the region should involve the appro­
priate adjustment of these assessed valuations.
Geological Characteristics
(13)According to Clair and Volk the most significant
geologic alterations that led to the accumulation of petro­
leum in the Las Animas arch occurred during four distinct 
periods of geologic time:
1) The formation of depositional traps during 
Mississippian time. Sediments were accumulated 
during several advances and retreats of seas 
from the southeast.
2) The formation of unconformable traps during 
and following the pre-Pennsylvanian period 
of erosion-
3) The primary migration into these traps during 
Pennsylvanian and Permian times.
4) The readjustment of these accumulations during 
the Larimide uplift in late Cretaceous time.
The geological history of the study region is closely 
associated with that of the Hugoton Embayment and the Ana- 
darko Basin to the southeast. A more detailed description 
of the geological history of the area has been presented by 
Clair and Volk (14).
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The formations of the Mississippian system, as seen 
in the stratigraphic column of Figure 2-4, are of special 
interest, as these formations were the targets of the ex­
ploration activity under study. A brief discussion of the 
stratigraphy of these Mississippian formations follows . Des­
criptions of the remainder of the column can be found in 
Clair and Volk , Volk , and Stoddard .
The oldest formation in the Mississippian system is 
the Kinderhook, the lower portion of which is characterized 
by dolomitic sandstones with fair to good porosity. The 
upper zone is composed of oolitic, nodular, fossiliferous 
limestone.
Overlying the Kinderhook is the Osage formation, the 
lower portion of which consists of a caleite-veined lime­
stone. The upper Osage is made up of varying amounts of 
chert and dolomite. As in succeeding formations, porosity 
in the upper Osage is largely a function of the chert- 
dolomite ratio.
Stratigraphic distinctions between the Warsaw and Sper- 
gan formations are vague? however, the lower zone of the 
Warsaw is distinguished by a dolomitic shale interspersed 
with chert, whereas the top of the Spergan exhibits a finely 
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STRATIGRAPHIC COLUMN OF STUDY REGION
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two zones are fossiliferous dolomites and limestones with
varying degrees of crystallization. Occurrences of chert
have been shown in the dolomitic matrix.
Succeeding the Spergan formation, the lower section of
the St. Louis is differentiated by thin, vugular, fractured
cherts. The middle St. Louis shows fine to medium crystalline
dolomite, while the top is limestone with large oolites.
The uppermost formation of the Mississippian system
is the St. Genevieve, made up of finely oolitic, nonporous
limestone. This formation is often absent in the north-
(19)dipping portions of the Las Animas arch
The present attitude of the Las Animas arch is indi­
cated in the north-south cross section of Figure 2-5.
The structural contour map shown in Figure 2-6 presents 
the current anticlinal nature on top of the Mississippian 
system. Both figures are referenced to sea level.
Trapping mechanisms in the Mississippian system of 
the Las Animas arch were due both to structural and strati­
graphic processes. Specifically, petroleum accumulation 
in the Osage and Warsaw formations was the result of struc­
tural actions. Spergan and St. Louis accumulations, although 
primarily structural, show elements of stratigraphic trap­
ping. In general, porosity is consistently favorable in 


























STRUCTURAL CONTOUR MAP OF LAS ANIMAS ARCH 
ON TOP OF MISSISSIPPIAN (22*
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The previous discussions of the geographic, demographic, 
economic, and geologic characteristics of the study region 
indicate the operating environment for the petroleum explor­
ation program under investigation. The study will now turn 
to a basic description of input-output analysis.
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ELEMENTS OF INPUT-OUTPUT ANALYSIS
The concept of the interdependence of the various
industries comprising an economic region was first analyzed
(23) (24)by Quesnay and later studied by Walras ; however,
it was Wassily Leontief who, in 1936, quantified the inter-
(25)industry or input-output structure of the U.S. economy
In many respects the use of Leontief*s input-output 
framework goes far beyond Keynesian general analysis. De­
partures from general equilibrium are difficult to analyze 
with input-output procedures, but the advantage of inter­
industry analysis is in its ability to detail both the 
intermediate and final transactions of goods and services 
that generate gross product and gross output in an economic 
region.
The purposes of this chapter are to briefly describe 
the basic nature of input-output analysis and to show the 
methodology of using input-output analysis in the impact 
study of petroleum exploration. These subjects will be
21.
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In any economic region an industry may sell its pro­
duct to itself /through intraindustry transactions among 
firms; to other industries in the region; and to the final 
consumption sectors, i.e., personal consumption, capital 
formation, and government expenditure. In order to make 
its product, each industry must purchase the inputs to its 
productive process from the other industries in the region 
and from the primary factors of production, i.e., land, labor, 
capital, and management. The pattern of sales and pur­
chases of these industries can be tabulated in what is 
known as a transactions table. A simplified example of 










Agriculture 200 25 75 200 500
Mining 50 100 250 0 400
Manufacturing 15.0 125 175 550 1000
Final Payments 100 150 500 750
Total- 
Gross Outlay 500 400 1000 1900
T-1565 23.
This table describes the purchases and sales of 
three aggregated industries in a hypothetical economic 
region.
The elements in an industry row represent the value 
of sales of that industry to itself, to the other industries, 
and to final consumption, i.e., final demand. The elements 
in an industry column show the value of purchases of that 
industry from itself, from the other industries, and from 
the primary factors of production.
For example, Table 3-1 shows that the manufacturing 
industry sells $150 worth of its product to the agricultural 
industry, and $125 to the mining industry. The industry 
uses $175 worth of its own products, and has sales of $550 
to the final demand sector.
In order to produce this output, the manufacturing 
industry must purchase inputs in the amounts of $75, $250, 
and $175 from agriculture, mining, and itself. In addition, 
the industry purchases $500 worth of the primary factors of 
production, shown as the final payments elements in the manu­
facturing column.
The gross product of the sample region is $750, calcu­
lated by summing either of the "exogenous" sectors, i.e., 
the final demand column or the final payments row. Both 
sectors are outside of the system of interindustry relation­
ships .
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The sum of a row is shown as total gross output, 
while the sum of a column is indicated as total gross out­
lay. For each industry, these two measures are equal by 
definition. This may, at first inspection, seem to be a 
zero-profit situation; however, profits are included as 
a payment to management in the final payments sector.
As previously mentioned,, the most significant con­
tribution of the input-output framework is in its ability 
to quantify intermediate transactions preceeding the final 
purchases or sales that comprise gross product. These 
intermediate relationships are shown in the processing 
sector, or second quadrant, i.e., the upper-left portion 
of the transactions table.
The second-quadrant relationships can be put into a 
more clear and useful form by dividing each element in a 
column by that column's corresponding total gross output. 
This process generates a table of fractions, known as tech­
nical coefficients. The table of technical coefficients 
generated from the previous sample transactions table is 
shown in Table 3-2.
TABLE 3-2
Agriculture Mining Manufacturing
Agriculture .400 .063 .075
Mining .100 .250 .250
Manufacturing .300 .313 .175
Final Payments .200 .374 .500
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Each element in Table 3-2 indicates the dollar pur­
chases needed by the column industry from the row industry 
to produce one dollar*s worth of the column industry's out­
put. For instance, in order for the agricultural industry 
to create one dollar's worth of its product, it must engage 
in $.40 worth of intraindustry transactions, and buy $.10 
worth of the products of mining and $.30 worth of the pro­
ducts of manufacturing. The remainder of the dollar flows 
to the final payments sector. The column elements of a 
specific industry are similar to a unit cost function, and 
by definition sum to unity.
The technical nature of these coefficients stems from 
the assumption of input-output analysis that the technology 
of production in any industry dictates the constancy of 
these coefficients. The linear nature of these technical 
coefficients is questionable, and will be discussed in the 
final chapter.
The information contained in a table of technical co­
efficients shows the direct effects upon the level of pur­
chases created from an extra dollar's worth of output, but 
there are additional indirect effects that will occur.
These indirect effects are shown by the following example. 
If the output of manufactured products to final demand
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increases by one dollar, the manufacturing industry must 
increase its purchases in the amounts shown in the third 
column of Table 3-2. Therefore, the outputs of agriculture 
and mining, as well as the manufacturing intraindustry 
transactions, must increase because an additional purchase 
by one industry is merely an additional sale by another.
In turn, these increases in agricultural and mining output 
require additional purchases, and a converging expansion of 
the output of the economy proceeds through the successive 
rounds of transactions. Accordingly, increases in the final 
demand for the products of any industry produce indirect 
effects beyond the direct effects shown in a table of tech­
nical coefficients.
The computational procedures for quantifying these 
total effects of an increase in final demand are arduous, 
even for a problem the size of this example? however, with 
the combination of matrix algebra and computer technology, 
problems of a much greater size can be solved with rela­
tive ease.
The matrix algebra procedures for determining the 
direct and indirect requirements consist of first subtracting 
the technical coefficients matrix from a dimensionally simi - 
lar identity matrix, i.e., a matrix showing unity elements
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on the primary diagonal and zeros in all other locations.
The resultant tableau, known as the Leontief matrix, is then 
inverted. (The inverse of a matrix L is defined as the ma­
trix that when premultipled by L, produces the identity 
matrix). The final step is to transpose the resultant of 
the inversion, i.e., interchange the columns and rows.
Following is a symbolic representation of the above 
procedure.
Given: A = matrix of technical coefficients
I = identity matrix
M  ̂= inverse of a matrix M
TM = transposition of M 
L = Leontief matrix
then,
I—A = L 
(I-A) -1 = L-1
([i-a ]-1)t = (l _1)t .
This last expression results in a matrix known as a 
table direct and indirect purchase requirements. It in­
cludes both the direct effects shown in a table of technical 
coefficients and the additional indirect effects. Table 3-3 
shows these total requirements for the example problem.
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TABLE 3-3




















Each element of a column of Table 3-3 shows the direct 
and indirect purchases required by the column industry from 
the row industry in order for the column industry to deliver 
one dollar's worth of its product to final demand. The sum 
of a column is termed an output multiplier, in that it repre­
sents the total increase in the output of all industries if 
the final demand for the products of the column industry 
increases by one dollar .
For example, if the mining industry delivers an addi­
tional dollar's worth of its products to final demand, out­
put from both the agricultural and manufacturing sectors 
increases by $.533. The mining industry3s. output rises by 
$1.60; $1.00 of this amount represents the delivery to final 
demand, while the remaining $.60 can be attributed to the 
direct and indirect effects. The sum of the mining column 
in Table 3-3 indicates the output multiplier for that indus­
try; if the mining industry delivers an additional dollar's 
worth of its product to an exogenous sector, total output 
of the entire system rises by $2,666.
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In the current example the elements of the household 
column, i.e., the purchases of that sector, are included in 
total final demand, while the payments to households are a 
subdivision of the final payments row.
The incorporation of the household sector into the 
second quadrant of the transactions table can lead to the 
generation of several other types of multipliers from the 
resulting table of direct and indirect requirements. A 
comprehensive discussion of the income multipliers that 
can be compiled after this inclusion of the household in-
(2.1 )dustry into the processing sector can be found in Miernyk 
(28)and Hirsch . Data regarding the payments to labor by
specific industries in the study region was not readily 
available? therefore, no attempt was made to calculate in­
come multipliers.
There are several mathematical techniques of computing 
the inverse of a matrix. Among them are bordering, itera­
tion, and power series expansion. The computer program used
(29)m  this study, INNOUT , incorporates the Gauss-Jordan
elimination procedure. This program will be found in the 
appendix section A-2.
The above description of the basic input-output frame­
work is largely a summary of the work of Miernyk , Yan ,
(32)and Chenery and Clark . For a more extensive discussion
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of input-output analysis, it is suggested that the reader 
consult these works, of which Yan's is probably the best 
combination of both the mathematics and economics of the 
model.
Methodology
The input-output framework described by the previous 
example will be used in the analysis of the impact of petro­
leum exploration on the study region. Of course, the number 
of industries included in the second quadrant will be much 
greater, but the basic structure of the tables will remain 
the same. The exact procedure for generating the tables 
is described below.
An input-output study can be implemented by either of 
two methods. Data for a transactions table can be gathered 
from primary sources. This involves a survey of the indi­
vidual firms comprising the various industries of a region. 
The alternative is to work from secondary data published by 
various state, federal and private organizations. This 
latter method, although it usually does not produce results 
as accurate as the survey technique, is much less expensive 
and less time consuming. In consideration of both the scope 
of the study and the resources available to the study, the
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majority of the data was gathered from secondary sources; 
however, a visit by the author to the study region produced 
a limited amount of primary data.
Virtually no secondary sources were found for the study 
region that could provide the necessary information regarding 
specific industry purchases and sales; however, an initial 
transactions table was generated in the following manner. 
Regional industry total gross outputs from either secondary 
sources or estimation procedures were tabulated. Then a 
table of technical coefficients from a prior study of a base 
economy was reduced to include only those industries that 
were known to exist in the region. Next, each element of an 
industry column in this reduced table was multiplied times 
the corresponding total gross output. This was done for each 
industry to generate an initial second quadrant of a trans­
actions table. This procedure is just the reverse of calcu­
lating a table of technical coefficients, and is the standard
(33)method for using secondary data in interindustry analysis
After this initial calculation the exogenous, final 
demands for the products of the specific industries in the 




where fd. = final demand for product i in the 
study region.
x^ = total gross output of product i in 
the study region.
FD^ = final demand for product i in the 
base economy.
X. = total gross output of product i in 
the base economy.
An alternative equation for calculating final demand
where fd^ and FD^ are defined as before and t represents 
total regional output and T total output of the base eco-
Both equations (3-1) and (3-2) were tested with the proper 
regional and base economy data. Equation (3-1) was judged 
the better of the two because the resulting estimates of 
final demands appeared to represent the prominance of agri­
cultural products in a more accurate fashion.
As previously mentioned, the columns and rows that rep­
resented sectors that did not exist in the study region were 
eliminated from the assumed table of technical coefficients. 
A corollary of this operation is that regional sectors re­
quired imports of nonregionally produced products. The
is
fd. = FD. . t l l m (3-2)
(34)nomy. This formula was suggested by Schaffer and Chu
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method of quantifying these imports of non-regionally pro­
duced products is based on the equation
= purchases by sector 1 from regional sector i
M, = imports by sector 1 of non-regionally produced 
products
VA^ = value added in sector 1, i.e., purchases of the 
primary factors of production
TGO^ = total gross output of sector 1.
Dividing equation (3-3) by TGO^ results in the equation
a... = technical coefficient of sector l's purchases 
1 from sector i
m^ = coefficient of sector l*s imports of non-
regionally produced products
va^ = coefficient of value added in sector 1.
For each sector requiring imports of non-regionally 
produced products, the value added coefficient va^ was taken
from the assumed table of technical coefficients. The aj_̂ *s
were summed with va^ and subtracted from one to determine 
the import coefficient, m^. The import coefficient was then 






iiu = 1 - (Ea. , + va.) ,1 ll 1 '
and therefore,
M1 = m1 . TGC^ = TGC^ (1 - Ea^1 + va±) . (3-5)
Once was determined for each sector, VA^ was calcu­
lated by substitution into equation (3-3).
The next step in an input-output study based on secon­
dary data is critical to an accurate representation of the 
interindustry relationships, especially those relationships 
describing an area that is highly dependent on imports such 
as the study region.
Consider the following equation that describes the dis­
tribution of output of a specific product:
X11 + x12 xij + fdi * TGOi (3-6)
+ fd1 a TGC^ (3-6) a
where
x li = sa^es °f product 1 to industry j, deter­
mined from the base economy's table of 
technical coefficients;
fd. = final demand for product 1, from equa- 
x tion (3-1);
TGO^ = total gross output of product 1, determined 
from secondary sources;
Ex^j = intermediate demand for product 1 
Because the intermediate demands, Ex^j/ were calculated inde­
pendently of the final demand, fd^, it was possible for the
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summation of the two to show inequality with total gross 
output. If the left side of the above equation was less 
than TGO^, then the industry had an exportable surplus; 
however, in the case where the left side of the equation 
was greater than TGO^, imports of product one were necessary
Therefore, in the import situation, the interindustry 
sales of product one that were initially calculated included 
imports over and above the regional production of product 
one. A method for moving the imported portion from second 
quadrant into the exogenous final payments sectors involves 
the use of location quotients, as described by Schaffer and 
Chu (35>.
A location quotient for product (i) is defined as
LQ, = Xi/x (3-7)
Xi/X
where
x^ = total regional output of product i
x = total gross output of all regional 
industries
X^ = total national output of product i
X = total output of all national industries 
that exist in the region.
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The location quotient for product (i) compares the relative
importance of the regional output of (i) to its importance
in the base economy.
If, for a specific product (i), equation (3-6) indicated
imports of product (i) were necessary, the location quotient
for that product was calculated according to equation (3-7).
If LQ^ was greater than or equal to one, the final demand
for product (1) was reduced by an amount sufficient to allow
equation (3-6) to show equality. If LQ^ was less than one,
theach element of the i— - row was multiplied by LQ., reducing> 1
the elements accordingly. The quantity (1 - LQ^) times each
thelement in the i—  row was then assigned to imports of re­
gionally produced products in the exogenous final payments 
sector.
It should be noted that other methods of import adjust­
ment have been derived? however, statistical tests by Schaffer
(36)and Chu , who compared survey data with secondary data
adjusted with these various methods, have shown that the lo­
cation quotient produces the most accurate results.
The above procedures were used to generate the data 
necessary for the determination of the three input-output 
tables for the study region in a "base year". Because the 
petroleum exploration program under study commenced in 1964, 
all data was gathered to reflect the interindustry structure 
in 1963, the base year for the analysis.
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To determine the impact of petroleum exploration on 
this base-year interindustry structure, the regional expen­
ditures of each of the three defined phases of the explora­
tion program in each of the six study years were determined 
from both published data and information gained through 
interviews with individuals who have a first-hand knowledge 
of the exploration activity under study. These expenditures 
were then assigned to the appropriate sectors of the regional 
economy, generating the column elements of the new industry. 
Due to both the static nature of the base-year structure and 
a computational limitation of the program INNOUT, the entire 
sales of the new exploration industry had to be assigned to 
exports in the exogenous final demand sector. These sales 
were calculated as the total gross output of the exploration 
program less the intraindustry transactions.
For each study year the purchases from each regional 
sector were added to that sector's base-year total gross 
output, and the new second-quadrant relationships were gener­
ated in a manner similar to the base-year manipulations.
Final demand for those sectors showing increases in total 
gross output were recalculated according to equation (3-1), 
and final payments were recalculated according to equation
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(3-5). No new export or location quotient calculations 
were required, as increases in total gross output for any 
sector appeared on both sides of equation (3-6), and there­
fore, any inequality during the base year remained unchanged 
over the study period.
The expenditures and sales associated with the first 
year's exploration activity were then appended to the base 
year interindustry structure with a new column and row, and 
a new set of input-output tables was generated for 1964.
Each succeeding year's row and column elements then replaced
>
the elements of the preceding year in order to create the 
additional sets of interindustry tables; i.e., the changes 
in the base year interindustry structure due to the new in­
dustry's sales and expenditures in each one of the study years 
were calculated, independent of any changes due to the explor­
ation activity in any of the other five years.
The previously mentioned computer program INNOUT was used 
to generate the input-output tables in the base year and in 
each of the study years. The input data for INNOUT, i.e.,
the second quadrant relationships, and the final demands and
(37)payments, were calculated using the program PAT.F4 , shown
in Appendix A-l.
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The impact of petroleum exploration was determined by 
comparing the previously defined output multipliers in the 
base year with those in each of the study years. Chapter IV 
will show the base-year interindustry structure of the study 
region and Chapter V will indicate the additional row and 
column elements of the exploration program.
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INTERINDUSTRY STRUCTURE OF THE STUDY REGION
The purpose of this chapter is to provide a quantita­
tive basis for the determination of the impact of the petro­
leum exploration program, by establishing the input-output 
relationships for the study region in 196 3. The procedures 
for constructing these relationships from secondary data, 
as described in Chapter III, will be applied to the region 
under the following headings:
1) Selection of Table of Technical Coefficients,
2) Disaggregation of Regional Sectors,
3) Conventions of Input-Output Framework
4) Base-year Structure of Study Region.
Selection of Table of Technical Coefficients
In the process of choosing a table of technical co­
efficients from a previous study, three judgment criteria 
were used.
First, the assumed coefficients should represent the 
technology of the 1963 base year within reasonable limits.
40.
T-1565 41.
The satisfaction of this criteria would minimize inaccuracies 
resulting from changes in technology over time.
Next, the assumed table should describe the technologi­
cal relationships of a base economy in which agricultural 
production contributes a large portion of total output, as 
is the case in the study region. The use of such a table 
would at least partially remove the product-mix limitations.
Finally, the table should show a high degree of disaggre­
gation, i.e., a large number of commodity types and their
associated relationships should be differentiated. The sat-
>
isfaction of this requirement would further diminish product- 
mix problems.
In consideration of these three criteria, several pre­
vious studies containing tables of technical coefficients 
were reviewed and subsequently rejected. Those that merit
special note are The Economic Impact of Irrigation on Selected
/ 38)Southwestern Kansas Counties: An Input-Output Approach ,
(39)A Microregional Analysis of Clinton County, Pennsylvania ,
"Regional Analysis: An Interindustry Study of Utah" t
(41)The Interindustry Structure of the Kansas Economy , and
the three studies mentioned in Chapter I. Although none of 
the tables of technical coefficients contained in these works 
was used, many useful techniques and common problems were il­
luminated in the review process. In conjunction with this
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review, it became apparent that the various editions of
(42)Input-Output Bibliography , published by the United
Nations, are the definitive bibliographical works on the 
subject.
No reviewed table met all the prescribed conditions
perfectly; however, the judgment criteria were best satisfied
by the table of technical coefficients contained in Input-
(43)Output Structure of the U.S. Economy: 1963 . The data
therein were based on survey and sampling techniques, and have
been used in many other regional studies. This table ob-
>viously satisfied the time requirement; furthermore, it in­
corporates the highest degree of sector differentiation pub­
lished to date; 370 sectors and their associated interindustry 
relationships are presented. It was this high degree of dis­
aggregation that allowed the relaxing of the requirement for 
similar distributions of economic activity among the sectors 
common to both areas. The large number of sectors made it 
possible to distinguish specific products rather than more 
general classifications, and correspondingly, to discard those 
relationships for non-existent sectors that would decrease 
accuracy at higher levels of aggregation. Maximum disaggre­
gation, however, was not possible, due to the lack of data 
for the corresponding total gross outputs. The nature of 
these data problems is discussed in the following section.
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A brief comment is necessary with regard to hydrocarbon 
products. The 370-sector study aggregates crude petroleum 
and natural gas products into one sector; however, in consid­
eration of this study's concentration on petroleum exploration, 
a further distinction"was required. Technical coefficients 
for the necessary distinction of crude petroleum from natural
gas were found only in The Interindustry Structure of the U.S.
(44)Mining Industries - 1958 . These data were incorporated
into the assumed table of technical coefficients, with the 
realization that the time requirements were not properly sat­
isfied. A further problem of the inclusion of these relation­
ships was due to the different degree of disaggregation between 
the 195 8 mineral industry study, which shows only 124 sectors, 
and the larger 370-sector study of 196 3. In the situation 
of an intersection of either product's row or column with a 
sector more disaggregated than the 1958 study, some value 
judgments were necessary. Fortunately, in the large majority 
of these cases, zeros could be assumed.
Up to this point, the input-output framework has been 
described as product-oriented; however, as both the 1958 and 
1963 relationships are classified by a firm- or industry-
orientation, as established in the 195 8 edition of the Stan-
(45)dard Industrial Classification Manual , it is necessary
to make all further references to rows and columns as indus­
try sectors rather than commodity sectors. There are special
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problems created by the adoption of this terminology that 
will be discussed in the Conventions section.
Degree of Pisaggregation in Study Region
In order to determine the number of industries to be 
differentiated in the second quadrant relationships for the 
study region, it was first necessary to ascertain the general 
nature of the area's economic activity. Such an overview 
was found in the City and County Data Book, 1967 , pub-
lished by the U.S. Department of Commerce, Bureau of the 
Census. This text contains a summary of all the county- 
related data contained in the various census of economic 
activity in the Standard Industrial Classification (hereafter
S.I.C.) divisions.
From this investigation, it was found that study area 
exhibited output in 1964 in each of the following S.I.C. 
divisions: agriculture, forestry, and fishing; mining; con­
struction; manufacturing; transportation and communications; 
electric, gas, and sanitary services; wholesale trade; re­
tail trade; finance, insurance, and real estate; services; 
and public administration. The divisions cover the entire 
range of S.I.C.'s; therefore, it was necessary to classify 
most of the regional industries according to further sub­
divisions .
T-1565 45.
In the process of determining more precise industrial 
classifications,- two limiting factors were encountered. An 
industry could not be distinguished beyond the maximum dis­
aggregation that was present in the 370-sector table of 
technical coefficients. Additionally, an industry classi­
fication could be no more detailed than the available data 
for total gross output for that industry. The following 
decision process for determining regional industry classi­
fications was undertaken in light of these two restrictions.
The existance of an industry was initially postulated 
by the examination of various secondary data sources or by 
logical deductions. It was then determined whether this 
industry could be classified into one of the 370 sectors of 
the assumed table of technical coefficients. If such was 
the case, an attempt was made to obtain a total gross output 
figure for this classification from secondary sources. If 
this data search was successful, the. industry and its asso­
ciated total gross output and technical coefficients were 
included in the regional interindustry framework.
If an initially postulated industry could not be asso­
ciated with one distinct sector of the 370-sector table, 
the minimum aggregation of sectors that would define the 
industry was determined, and the above data judgment was 
made. If for any industrial classification total gross out­
put was not available from secondary sources, an attempt
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was made to reasonably estimate this figure. If the esti­
mation was successful, the industry was included in the re­
gional framework.
In some cases total gross output could be determined 
from secondary sources or estimated only for a degree of ag­
gregation higher than the degree determined by initial in­
vestigation. In this situation, the minimum aggregation 
necessary for satisfying secondary data or estimation re­
quirements was determined and the resulting industry classi­
fication was included in the regional interindustry frame-
>
work.
The above classification process is presented in a 
decision tree configuration in Figure 4-1. Some departures 
from this basic procedure were required, but in the majority 
of industrial classifications, the above method proved satis­
factory .
The'resulting regional industrial classifications, 
their associated S.I.C. divisions, and the number of sectors 
from 370-industry study associated with each regional classi­
fication are presented in Table 4-1.
The purchases and sales of federal, state, and local 
governments were included in the exogenous final demand and 
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REGIONAL INDUSTRIAL CLASSIFICATIONS 
(N.A. = not applicable)
Number of Sectors 
Classification Title from 1963 1-0 Study
5.1.C. Division A:
Livestock and livestock products 3





Stone and clay mining and quarrying 1
5.1.C. Division C:
New construction 5
Maintenance and repair construction 2
5.1.C. Division Dr 
Meat products 
Fluid milk
Flour and cereal preparations 
Prepared feed for animals and fowls 
Bakery products
Bottles and canned soft drinks 
Food preparations, n.e.c.
Mi11work
Public building furniture i
Newspapers
Commercial printing
Industrial inorganic and organic
chemicals !
Fertilizers i
Concrete block and brick 
Concrete products, n.e.c.
Ready-mixed concrete




Transportation and warehousing 
Communications, exc. radio and TV 
Radio and TV





Sector Number of Sectors
No. Classification Title from 196 3 1-0 Study
5.1.C. Division F:
32 Wholesale trade 1
5.1.C. Division G:
33 Retail trade 1
5.1.C. Division H:
34 Finance and insurance 5
35 Real estate and rental 2
5.1.C. Division I.
36 Hotels; business, professional, educa-'
cational, and repair srvs., exc. auto. 11
37 Auto repair services 1
38 Amusements 2
39
S.I.C. Division J: 
Post Office 1
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highway repairs were aggregated into the maintenance and 
repair construction sector, and the post office's activities 
were classified under a single second-quadrant sector.
Conventions of the Input-Output Framework
Before the study progresses to the generation of the
base-year structure of the study region, a few standard
principles of the structure must be established.
The values of interindustry transactions can be based
on either producer prices or consumer prices. The difference
>
between these two is that the former does not include trans­
portation costs. The 1963 input-output relationships for 
the U.S. economy were based on producer prices with trans­
portation costs shown in the transportation sector; there­
fore, the same principle was incorporated in this study.
The transactions of the trade industries, specifically 
wholesale and retail trade, and"real estate and rental were 
evaluated to include only margins of operating expenses and 
markups, and therefore do not include cost of goods sold.
The 1963 U.S. input-output study uses the same convention. 
This principle allows specific commodities to be treated as 
if they were sold directly to the consuming sector without 
passing through the trade sectors. This practice, while a 
departure from the real world pattern of commodity flows, 
allowed for a more clear representation of the intersectoral 
relationships.
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Because the 370-sector classifications are based on 
the firm's principal product rather than products alone, 
co-products present certain problems.
For most industries
...secondary products (were) treated 
as if sold by the producing industry to the 
primary industry and added to the outputs of 
the primary industry for distribution to 
users.
In those industries in which secondary 
production (was) large and, at the same time, 
considerably different from the primary output, 
the secondary products, and their associated 
inputs, (were) subtracted from the producing 
industries and added to the primary industry
An abbreviated survey conducted in the study region of 
those industries most likely to produce large quantities of 
secondary products indicated that no adjustments were neces­
sary .
No attempt was made in this study to show any sales to 
or purchases from inventories, as no data of this type were 
available on an industry-by-industry basis. Inventory ac­
cumulations and depletions were assumed to just balance each 
other.
Base Year Structure of the Study Region
Table 4-2 shows each regional sector as defined above, 





REGIONAL SECTORS AND TOTAL GROSS OUTPUTS 








Other agri- $15,9 71
cultural
products




1964 Census of Agriculture, 
Colorado Area Statistics, U.S. 
Dept, of Comm., Bureau of the 
Census
Colorado Agricultural Statis­
tics, 1963, Colo. Dept, of 
Agriculture
Factored from>data in The 
Economic Impact of Irrigation 
on Selected SoutKwestern Kansas 
Counties: An Input-Output"
Approach, J.J.McCullick, 
unpub. thesis, Kansas State 
University, 19 70
37 Yearbook, 1964, Int. Oil 
Scouts Asso.





352 Annual Report, 1964, Colo 
Bur. of Mines





Building Permits Issued in 
1963 in Colorado1s Principal 
Cities and Towns, Colo. State 
Planning Office
Estimated as 1% of market 
value of improvements in the 
region as published in 52nd 





















Meat products $ 460
Fluid milk $ 640
Flour and $ 950
cereal prep­
arations
Prepared feed $ 9,476 
for animals 
and fowls
Bakery pro*- $ 573
ducts
Bottled and $ 193
canned soft
drinks

























(See note at end of table)
(See note at end of table)
(See note at end of table)
Regional interviews
(See note at end of table) 
Regional interviews
(See note at end of table)
Regional interviews


































$ 112 Regional interviews
$ 131 (See note at end of table)
$ 194 (See note at end of table)
$ 61 (See note at end of table)
$ 2,049 Factored from The Interindus- 
try Structure of the Kansas 
Economy, M. Jarvin Emerson 





Annual Report, Colo. Public 
Utilities Comm.
Radio and TV $ 123 Regional interviews




Annual Report, 1963, Colo. 
Dept, of Revenue
Wholesale $ 6,119 1963 Census of Business, Colo-
trade rado Area Statistics, U.S"̂
Dept, of Comm., Bur. of the 
Census
Retail trade $11,327 1963 Census of Business,
Colorado Area Statistics, U.S. 































$ 5,308 City and County Data Book, 1967 
U.S. Dept, of Comm., Bur of the 
Census and Insurance Industry 
in Colorado* Statistical Report, 
1964~̂ ColoT Ins. Comm.
Real estate turnover factored 
as 5% of market value of land 
and improvements as published 
in 52nd Annual Report, Colo.
Tax Comm.; agricultural rents 
from 1964 Census of Agriculture, 
Colorado Area Statistics, U.S. 
Dept, of Comm., Bur. of the 
Census; personal rents from 
City and County Data Book, 1967, 
U.S. Dept, of Comm., Bur. of 
the Census; business rents 
factored as the technical co­
efficients for rent in the 
retail and service sectors 
times TGO in those sectors.
Annual Report, 1963, Colo. Dept, 
of Revenue
Factored as proportion of 
national TGO in this sector 
(1963 Input-Output Structure 
of the U.S. Economy, U.S. 
Dept, of Comm., Bur. of the 
Census) per auto in nation 
(Statistical Abstracts, 1965, 
U.S. Dept, of Comm., Bur. of 
the Census) times the number 
of autos in the region (Annual 





No. Sector Title TGO Source
38 Amusements $ 288 1963 Census of Services,
Colorado Area-Statistics, 
U.S. Dept, of Comm., Bur. 
of the Census.
39 Post Office $ 212 Colorado Yearbook, 1962-64,
Colo. SFate Planning Office.
Note: Total gross output for these sectors was determined
in the following manner:
1) The existence of the sector was determined from 
the 1963 Census of Colorado Manufacturers, Univer­
sity of Colorado, Bur. of Bus. Research.
2) The value added in all regional manufacturing 
sectors was determined from the 1963 Census of 
Manufacturers, Colorado Area Statistics, U.S.
Dept, of Comm., Bureau of the Census.
3) The value added and the total gross output for 
similar sectors was determined from the 1963 
Input-Output Structure of the U.S. Economy,
U.S. Dept, of Comm., Bur. of the Census.
4) The total regional manufacturing output was 
determined as a proportion of regional value 
added in manufacturing, in the same ratio as 
the national value added is to national output.
5) The total regional manufacturing output was 
factored to each regional manufacturing sector 
in the same proportion as that sector's contri­
bution to total national manufacturing output.
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value. Also shown in Table 4-2 is a sector number for each 
regional industrial classification. In all subsequent tables 
these numbers are used to delineate sectors.
The regional technical coefficients, as determined from
the 370-sector table according to the procedures described
in Chapter III, are shown in the appendix section A-3 as a
portion of the input file for the computer program PAT.F4.
This program was used to multiply each column of technical
coefficients times the corresponding total gross output to
determine the initial second quadrant relationships for
>
the study region. For each sector PAT.F4 also generated 
final demand, exports, imports of nonregionally produced 
products, value added, imports of regionally produced products, 
and the corresponding row adjustments. The algorithms in 
PAT.F4 that determined each of these values were based on 
the appropriate equations described in Chapter III. Table
4-3 provides a summary of these calculations.
The dominance of the agricultural sectors can be seen 
in these figures. Over 19 percent of gross regional product, 
i.e., the sum of all final demands, was provided by sectors 
1, 2, 3, 9, 10, 11, and 12. Additionally, these agricultural 
sectors contributed over 78 percent of the total regional 
exports.
The output of PAT.F4 was used as the input file for the 
program INNOUT in order to generate the transactions table,
T-1565
cn ID cn co
CD TJ in 00 CM CM
G CD in ID in
rH ^3 k.






-P G G in CO in H 4
P  0  TJ o in CO
0  -H  0 in VO
co a  CO P v
P g  CD CU rH





0  fd CO
m G -P
co 0 CO 0  O 00 O o ID
H • P H  P 00 CO
co CO P  tP T J o ID CM
C TJ 0  CD 0
« g a  p  p rH rH
u fd g  c  a







CO H •H -P 00 i—1 rH in
1 Pm P in in VO CM
*3* CO 0 in cn VO
CD cu w
W < P rH CO





c rH T3 H 4 00 00 o
m iH rH G Cn CM
< fd fd








PI P  CD CD
<c 0  rH . •
s ■P -P •H >
H O -H P P rH
Pm CD Eh U tn CD •H
CO O td CO O
Q -P
a CO P • CD
< CD CD •H TJ
> X I p G
•H -P tr> P








CTi in in VO r"- 00 00 inO ON CM ro VO CO VO VOrH rH H4 CO i—I rH H4
rH rH
i—1 rH H4 H4 ■—1 VO H4 H4CM CO O CM VO CM CM cn
co i—1 VO
CM O cn cn CM in 00 rHrH cn m CO CM 00 H4 cnCM rH rH r-"
rH CM
>
in o O o o H4 o COH4 00 cn rorH rH r̂»*H4
rH in in cn 00 CM O O
o H4 in VO ["*





fd • PrH -P CD
0 CO O 'O• G • 0
TJ -P 0 T3 1—1 Tf 0
CO G CO U 0 •H G «+H
fd fd G P g fd
tn 0 • CU rH
CD U -P T5 P 0• G G ■P •H G g
■p 0 £ •H fd G 0 •H
fd -P CD nJ CD rH rH G
£ CO S s £ Pm Em <
in VO 00 cn o rH CMrH rH rH
T-1565 59.








uo ro CM rH
CM




O  H  -P
fd o
CO G 3
4J O T 3 rH
P  -H O in





-P -H 3 vop tnTJ o
O  0) 0 rH
f t  p  PE G ft
H  O
Ch 00 VO ro o cn CNrH ID'e* CN uo 00 CN
Cn ro in ooro rocn in voo
ro

















ro■<3* in roro cn ro
TJ o vo ro rH cn rH
rH G ro r» uo O
fd td uo rH i—1 rH








m co •• • o
p • CO • P E CO • rHo a) tj • CO G CD p G CD fd ftp  rH 0 G a) rH p •H X! CD fd • X P O
O  -P p •H • M •r-| CD p O N • G •H CD x: CO
a) -rH ft p G P 3 ft ft •rH CO E E CO p
CO EH 'U O XI fd • rH l 0
p £ a • CO •rl • • P • rH
CD p tj rH • CO g 3 P o o *3 CD X •H
P o rH XI £ g P G G td CD o td
fd O 0 •H 3 0) 0 G <D O O CD X! fd p























cn cn vo ro rH ro ro 00
0  T3 vo cn ro CN o CN o N* vo
3  0 CN vo rH cn ro in ro rH rHrH T5 K v V V




0  G O
P  0  G rH uo cn ro H 00 ro vo in in
P  -H  T5 ro rH 00 ro in o 00 ro CN
0  tn  0 CN CN VO rH r* vo rH
Ou <U P V
g  p & I—1H
P  rH
0  fd to
G Pw o o
•P -H  G cn CN cn cn o cn 00 CN 00 CN r-
P  frT J CN vo CN CO rH 00 ro CN
O 0  0 CO rH VO in CN rH rH •̂r
CU P  P




O -P o rH cn o ro 00 rH o O o o
O P i—1 i—I o f- o0 VO rH vo vo VO tj*Q*
ro X r—1I W
W1—iCQ cn O CN cn ro ro ro ro o i—I o CN
< •H G CD r* 00 in vo rH CN CN 00 cn voEh fd fd r- i—i CN 00 cn in ro rH
G g w Vi V V V.




p > • •
fd • P CO •
P EH P G <D o P 00  (U e •H P p •H 0 o-P rH *0 'G CO CD P G 0 G P •H
O P G G 0) i—1 P *0 P Qa G p
0  -H G • G •H G G CO 0 0 pCO Eh G P CO rH G 0 0 P g OCO G O •H 0 •rH rH 0
G •rH i—1 rH G • rH 0 0 0 P
fd n3 •H O P G G P P G 0p O G P x; 0 •H 0 0 G £ 0EH U e; D & &4 « w < (P
P0P •
O O 00 cn o rH CN ro in vo r- 00 cn























the table of technical coefficients, and the table of direct 
and indirect requirements which describe the base-year struc­
ture of the study region. This output is shown in the appen­
dix section A-6.
This base-year structure provided the framework for the 
analysis of the impact of the petroleum exploration industry 
on the study region. The determination of the new industry*s 
row and column elements and the incorporation of this data 
into the model is found in the following chapter.
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REGIONAL PURCHASES AND SALES OF 
PETROLEUM EXPLORATION
In this chapter the column and row elements of the pe­
troleum exploration industry will be determined; the indus­
try^ purchases from and sales to the regional sectors de­
fined in Chapter IV. will then be incorporated into the re­
gional interindustry structure. v
The exploration program was broken down into three dis­
tinct phases: geophysical exploration, leasing, and wildcat
drilling. (Initial geological investigations have been ex­
cluded as the associated regional purchases are minute and 
difficult to quantify.) The economic activities of each of 
these phases for each of the six years of the study period 




4) Summary of Total Exploration Activity
A large portion of the following analysis was based on 
information gained from interviews with various representa­




The geophysical exploration in the study region con­
sisted of seismic investigations. The number of seismic 
crew-weeks in Southeastern Colorado during each of the study 
years was determined from published data and then adjusted, 
based on interview information, to include only that activity 
in the study region. This information is presented in Table 
5-1.
TABLE 5-1 
SEISMIC ACTIVITY IN STUDY REGION
>












Sources: Column [1]: American Association of Petroleum
Geologists Bulletin, June editions, 
1965-1970.
Column [2]: Column [1] adjusted from interview
information.
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From interview information it was determined that the 
regional purchases by seismic crews could be classified into 
living expenses, damage costs, vehicle repair expenses, and 
purchases of water, gasoline, and motor oil. These classi­
fications correspond to the following regional industries: 
hotels, etc.; retail trade; real estate and rental; auto 
repair services; and electric, gas, water, and sanitary ser­
vices .
The purchases from each of these sectors by geophysical 
crews were determined using the factors listed in the appendix 
section A-4. The total gross output of geophysical activity 
was based on the cost-per-seismic-crew-month data shown in 
Table 5-2.
TABLE 5-2
COST OF SEISMIC CREW-MONTHS IN U.S.A.
(N.A. = not available)









1964 154,101 3829 40,246
1965 153,385 3188 42,872
1966 112,420 3211 35,011
1967 119,680 2992 40,000
1968 113,000 3030 37,294
1969 N.A. N.A. 40,000
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In order to compute the import and value-added elements 
of geophysical purchases, the summation of the regional pur­
chases were subtracted from the appropriate total gross 
output figure for each year. No method was found to split 
out the specific final payments, i.e., imports of non-regionally 
produced products, imports of regionally produced products, 
and value added, from this residual. The entire residual 
was therefore assigned to value added.
The geophysical purchases from the appropriate regional 
industries were calculated, based on the above data. A 
summary of these purchases for each of the study years is 
shown in Table 5-3. Sales will be dealt with in the final 
section of this chapter.
Leasing Activity
The exact acreages that were leased during the study 
period and the corresponding values of these leases were 
not readily obtainable? however, information gathered 
through interviews with company executives, who have a know­
ledge of the study region, produced an approximation of 
leasing activity.
The estimated acreages added during each year of the 
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In order to compute the bonuses and rentals associated 
with the above quantities, the dollar figures shown in Table
5-5 were used.
TABLE 5-5










The increases in the bonus and rental rates over the 
last three years are indicative of several successful well 
completions during those years. The differential bonus 
rates in the last three years reflect the varying quality 
of leases obtained during that period. In general, the 
closer the acreage was to productive areas, the higher was 
the bonus.
In calculating the rental expenses for each year of
the study region, it was assumed that leases acquired in
any one year were held for the remainder of the study period.
>
The lease bonuses and rentals for each year of the 
study period are summarized in Table 5-6. Also shown is 
the portion of each year's expense charged to the real estate 
and rental sector; 30 percent of the annual expense was al­
located to that sector in accordance with the "trading- 
industry" convention presented in Chapter IV. The balance 
of the total was assigned to the value-added sector.
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TABLE 5-6
LEASING ACTIVITY IN STUDY REGION
(All dollar figures in thousands)
Assigned 
to real estate
Year Bonuses Rentals Total and rental
1964 175 175 350 105
1965 175 350 525 158
1966 350 700 1050 315
1967 675 1225 1900 570
1968 900 1825 2725 818>
1969 1350 2625 3975 1193
Drilling Activity
The evaluation of purchases from regional industries by 
those engaged in wildcat drilling to Mississippian depths 
was based on the number of wells drilled in each year in the 
study region. This information is presented in Table 5-7.
TABLE 5-7










A five-element sample of well accounts, containing 
detailed descriptions of expenditures, was used to deter­
mine the drilling purchases. Certain drilling expenditures 
were reduced, based on interview information, to account 
for imports of regionally produced products; others were 
reduced according to the "trade industry" convention. The 
sample averages, and import adjustments are presented in 
the appendix section A-5.
These adjusted averages were then multiplied times the 
number of wells drilled in each year of the study period to 
generate the annual expenditures. These totals and the re­
gional sectors associated with each class of purchase are 
presented in Table 5-8. All labor and contract drilling 
expenses were assigned to value added. The sum of these 
two sectors plus regional purchases and imports of regionally 
produced products were deducted from the total gross output 
to obtain imports of non-regionally produced products.
Summary of Total Exploration Activity
The data shown in Table 5-3, 5-6, and 5-8 were accumu­
lated for each year of the study period to generate the 
total expenditures of the petroleum exploration program.
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For the sake of accuracy, it was necessary to indicate 
some amount of intraindustry transactions within the petro­
leum exploration industry. To accomplish this, the purchases 
from the crude petroleum sector were reduced by 20 percent; 
this amount was then entered as the value of intraindustry 
transactions. This procedure is reasonable when it is realized 
that electric logs are often purchased by one operator from 
another.
The input-output framework requires that an industry's 
column sum equal it's row sum, i.e., total purchases must 
equal total sales. In assigning the exploration program's 
total gross outlays to sales, a value judgment was necessary. 
There is no tangible product of exploration up to the point 
of discovery; only new information is produced. The obvious 
user of this information is the regional crude petroleum 
industry; however, due to the static nature of the base year 
analysis and a computational limitation of the computer pro­
gram INNOUT, it was necessary to treat the entire output of 
petroleum exploration, less the aforementioned intraindustry 
transactions, as an export. More is said regarding these 
limitations in Chapter VI.
The data contained in Table 5-9 were incorporated into 
the base-year structure of the study region according to the 
methodology described in Chapter III. The results of this
T-1565 75.
incorporation for each of the study years are found in the 
appendix, sections A-7 through A-12. The output multipliers 
for each sector in the base year and the study years are 
shown in Table 5-10. Table 5-11 shows the changes in the 
multipliers for each sector from the base year to each of 
the study years; these changes are weighted by the sum of 
each sector's final demand plus exports.
T-1565
rH 00



















o PI in rH
H ID rH CM
1 H Cn • •





< Eh ■*tf i—1 ' t f
O ID i—I CM
p4 cn • •




a) p ID rH
(0 cd CM CO
0 0 • •
m N ro CO
•
o-p0 0rH •
•P w •H*r| p-P o tr>0 0P •Po CO p-p 0 0o > Xia) •H -Pcn PI O
p0-p •O 0 rH CM0 gcn
in 00 ''tf "tf o 0000 CM ro o ■*tfrH O o CO o• • • • • •
rH rH rH rH rH rH
m rH ■tf 'tf o CM00 CN CO o inrH O O CO o *tf• • • • . •rH rH i—1 r—1 rH rH
in CN CO O ID00 CN CO O inrH O o CO O -tf• • • • • •
rH rH 1—1 rH rH rH
in r* CO in O cn00 CN CO o ini—i o o CO o -tf• • • • • •
iH rH rH rH rH rH
in 00 CN in O CM00 CN CO o IDrH O o ro o "tf• • • • • •
rH rH rH rH rH rH
in VO CO in o cn00 CN CO t"- o vorH O o CO o• • • • • •rH rH rH rH rH 1—I
H r- CTl 'tf O rH<Tv rH O O O rH1—1 o rH ID O rH• • • • • •
rH iH rH rH iH rH
>i0rH -p• o 0
> • Gp rH t j •p 00 •H CO g 0 O0 0 0 0 £
O ' 0 •• 0 0 O ■P•H t j • G Gp 3 -P 0 s •H
tn p 0 -P 0 aJ
< u g cn g g
CO "tf in ID f" 00
76.
o VO CM CO
r- CO r-' uorH rH ro ID• • . •
i—1 rH r—1 i— i
o ID CO COCO inrH rH co ID• « • •
rH i—1 rH r—1
O ID CO COr* CO inrH rH CO ID• • • •
rH rH rH rH
O ID CO COr* CO r-'- inrH rH ro in
. .. • •
rH I—1 r—1 rH
O ID ' CO COCO r" ini—I rH CO ID• • • •
i—i I—1 rH iH
o ID CO CO
r - ' ro inrH rH ro ID• • • •
rH rH rH rH
'tf rs cn IDCO CO
o rH CO ID• • • •







TJ rH TJ 0




-p ■rH G £
0 G 0 •H
0 rH rH G
s Pm Ph <







cr* 00 cr* ro rH CTi 00 LT) O o rH
O'* vo o ro r"» O rH rH r- rH 00 vo rH r- 00
vo o o o o o O rH 00 rH O o CN o rH
O'* • • • • • • • • • • • • • •
iH 1— 1 1— 1 i—I rH iH rH rH rH rH rH rH rH rH —1
00 cr* 00 r- CN <T> 00 LO r* rH o ro00 VO o ro r- o rH rH r- rH 00 vo rH ro
vo O o o o o o rH 00 rH o o CN o i—I• • • • • • • • • • • • • •
rH rH rH rH rH rH rH rH rH rH rH rH rH rH i—1
cr* 00 cr* ro r- rH O 00 vo r- rH rH 001-" vo o ro o rH rH 00 rH 00 vo rH 00
vo o o o o o O rH 00 rH O o CN O rH
cr* • • • • • • • « • • • • • •
r—1 iH rH rH rH rH rH rH rH rH rH rH rH rH rH
<T> 00 O'* ro h * r"- rH O 00 vo r- rH rH 00VO VO o ro r̂ » o rH rH 00 rH 00 vo rH 00VO O o o o o O rH 00 rH O o CN O rH
CT> • • • • • • • • • • •, • • •
rH i—i rH r—1 i—I rH rH rH rH rH rH rH rH rH rH
o\ 00 cr* 00 r- I—I o 00 VO r- >rH rH
LO VO O ro r̂ o rH rH 00 rH 00 vo rH r- 00
VO O O o o o o rH 00 rH O o CN o rH
CT> • • • • • • • • • • • • • •rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH
in
Ch 00 cr* 00 r- rH o OO VO r- 1—1 I—1
W VO o CO r- O rH rH 00 i—I 00 vo r-1 r- CO
vo O o o o O O rH 00 rH o o CM o I—1
CQ • • • • • • • • • • • • • •
< rH rH rH rH rH rH rH rH rH rH rH 1—1 I—1 r—1 rH
00 VD H1 rH CM rH in VO r" 00 VD UO
<D U O CM r-' O CO O I—1 vo r- 00 COCO td o O O o O rH O VO o o o o O rHtd 0 • • • • • • • • • • • • • •
fa >i rH rH rH rH rH iH rH. rH rH rH iH rH iH iH
£U£ Cm fa •0 • • 0rH • 0 o • -P a 0 TJ • iH-P • Tf 0 £ 0 P £ 0 X td 04•H 0 £ 0 rH P •r| x: 0 td • ■P 0-P U •r| • 0 Sh u N £ •r1 0 x:Q* p £ p £ CX a ■H • s g 0U TJ 0 td • i—I fa iO U £ cu • 0 •H • •P •-P 0 -P TJ rH • 0 g £ -P o O TJ 0 x:U 0 rH XI £ g TJ P £ £ td 0 u0 td 0 0 •H £ 0 0 £ 0 0 0 0 x: tdW fa CO fa £ fa £ L> H fa U U fa w £
UO-PO0w
co in vo oo O'* oCM CM CMCM roCM CM inCM voCM
T-1565
rr in O') VO CN in CO in cn CO Ocn o r- r—1 o rH cn h* vo VO o cn VO cnvo o CN CO o in o co r-~ in rH CO ocn . • • • • • . • • « . • «
rH r—i CN i—1 I—1 r—I CN i—1 iH CN CN r—1 rH rH
rr in O vo in in 00 r- in 00 O CO r—100 o CN o rH cn vo cn 1—1 O VO cnVO o CN CO o in o CO r" in CN CO Ocn • • • • • • • • • » • • •
rH rH CN rH 1—1 rH CN rH rH CN CN rH rH i—1
00 O vo o [-" cn CO o rH
r- o CN o rH cn H* vo o rH o vo cn
vo o CN CO o in o CO vo "tf CN CO o
cn • • • • • • • • • • • • .
rH rH CN rH rH rH CN rH rH CN CN rH rH rH
rj* CN o VO rH O 00 rH CN O rH
vo o 00 CN o rH O cn r—1 O VO cn
vo o CN CO o uo rH CO r" uo CN CO o
cn • • « • • • • • • • . « • •rH rH CN rH rH rH CN rH rH CN CN rH rH rH
-P
G >
O VO rH VO O CN 00 CO rH I—1 rH
O UO O 00 CN o rH O r- O i—1 O VO cn
VO O CN CO o in rH CO VO CN CO o
cn • • • • • • • • • • • • •
o rH i—1 CN rH rH rH CN i—1 rH CN CN rH i—1 rH
rH
1
m C" <—1 VO o CO cn UO 00 rH rH H 1 rH
W o 00 CN O rH o h * r̂ rH CN O VO cn
vo o CN CO O UO rH CO r- VO h * CN CO o
tf cn • • « • • • • • • • • • •
< i—I rH CN i—1 rH I— 1 CN rH tH CN CN rH iH 1—1
Eh
00 CN VO co O 00 cn cn rH rH uo0) P o CO 00 o CN uo cn CN vo
oi td o vo CO o o CO 00 i"- r—1 CN CO o
td <u • • • • • • • • • • • . • •




td > • •
0) • P 01 •rH EH -P G Q) o p <D
•P • •H -P -p •r| 01 o
•H G 01 <D p td 0) td -P •H
-P 01 td G 0) rH -p T5 -P tf G MH
p • id •H td G 01 <D 01 mh
U <D • G -P 01 rH td cu 01 P e O
0 rH 01 G 0 •rH 0) •H rH <d
•P •rH G g •H rH rH td • 1—1 <D 0 01 -P
O td td g •H 0 -P G td -P -P G 01
d) P p 0 td -P rj <D •H (D 0 G s 0




O  0 00 cn o rH CN CO in vo 00 cn
<1 Z CN CN CN co co CO CO CO CO co CO CO CO
78.
T-1565
"tf "tfcn 00 rH
ID cn VOcn rH
rH 1 1
ro"tf oin cn"tf "tfco
rH cn00 r- cnVO <n uocn rH
rH 1 l
co"tf r—Iin cn"tf "tfco
rH
00 rH "tf o r—1 COi*- in cn i— 1 "tfID cn incn rHrH 1 I i 1 1cn „—..fa tnfa GH •rHfa 'd
fa G in " tf "tf o rH CMH G ID "tf 00 rH "tfEh O ID m infa P cn rHfa 1— 1 1 l i 1 1S O-P
Eh
fa <DrH fa GrH Eh TJ in " tf " tf o rH CM1 f a in " tf 00 rH " tfin O TJ ID cn inTJ cn rHfa f a Ol r—1 1 I i 1 1PI H •p< cn OEh w Gufa > i CM ID o rH CM
< ol "tf CO r-' rH "tfS3 g ID cn inu cn rHcn rH 1 l i 1 1
Q G
fa 6Eh Gfa rHa oH u •'—' o >1
^3 cn -p 01CD CD rHrH • 6 O•P •H >•r| p P rH T5-P u f a a) •H cn G0 ol cn O o l o lP •p f a0 cn p • a) 0•p CD a) •rH *d • Go > x p G •P OCD •H -p fa p 05 ■Pcn fa o < u fa cn











































CD • • • TJ •
ra cn o • ■P e cn G o
-P 0 • TJ cn G CD p td •
•H p G CD iH p •H Si CD 0
-P Qa •H • M •H CD P O N • •
p G u G a* a •rH fa G
P >i 0 .Q rd • I—1
0 u £ f t • cn •H • •
-p Q) -P Td rH • cn g G -P o U
o M iw o rH .Q S B P G G
CD (3 0 0 •H G CD 0 G CD 0 0















i—i o o 00 o CM r- cn UO rH 00 uo o CO CO cncn cn CO 00 r- CM O vo C'- 00 cnvo •*r CM 00 o CO o vo CM Hcn rH CO rH orH I I I I I  I * I ‘
o o o O CM CO r-~ rH CO CO o CO 1—1 vo00 cn CO H 1 00 i—1 CM vo
vo CM 00 o CO rH vo o iH<n rH CO i—I oH I I I I  I I
o o CM H1 O CM in 00 CM CO o CO 0 0 0 0cn CO in O uo rH UO
vo H1 CM 0 0 o CO i—i vo O rH03 rH . CO rH O
rH I I I I  I I
o o uo o CM 00 rH CM CO o CO CO VOVO oo CO VO OO rH r- o invo Tf CN 00 o CM rH VO o 1—1oo iH CO rH o
-PCoo'— o o 00 rH O CM VO r» rH VO rH o CO CO VO
uo oo CO in OO I-"-rH vo CM 00 O CM rH VO OO rH







































The first section of this final chapter presents the 
conclusions of the study, based on the output multipliers 
derived in Chapter V. The second section provides sug­
gestions for possible sophistications in the input-output 
framework and methodology.
Multiplier Comparisons
The output multipliers shown in Table 5-10 indicated 
the following features of the impact of the petroleum ex­
ploration program on the study region:
1) As initially hypothesized, the greatest 
positive change from the base year to each of 
the study years occurred in the hotel sector due 
to the living expenses of nonlocal labor, and in 
the real estate and rental Sector due to lease 
expenditures and damage costs.
2) Other sectors which provided direct inputs 
to the petroleum exploration program showed sig­
nificant positive increases: transportation and
82.
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warehousing; electric, gas, water, and sani­
tary services; maintenance and repair construc­
tion; and crude oil.
3) The remaining sectors which provided 
direct inputs to the new industry showed decreases 
in the multipliers: sheet metal products, machine 
shop products, wholesale trade, retail trade, and 
auto repair services.
4) Five sectors showed increases in multi­
pliers due to the indirect effects of the explor-
>
ation industry's purchases: meat products,
food products not elsewhere classified, commercial
printing, ready-mixed concrete, and the post office.
5) The remaining regional sectors showed either 
no change or decreases in their output multipliers.
6) The output multipliers for the new industry 
in each of the study years were smaller than those 
for all other sectors except two or three, depending 
on which study* year is examined.
The weighted changes in the multipliers shown in Table 
5-11 showed the following characteristics.
1) The largest positive change was in the 
real estate and rental sector followed by the 
hotel and transportation sectors.
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2) The largest negative changes were in 
the livestock and livestock products sector 
followed by the retail and wholesale trade sectors.
3) The sum of each column divided by the 
sum of the weights showed that in each study year 
the overall effect on the regional economy was 
negative, although quite small. These same quotients 
indicated that as the expenditures by the new indus­
try increased, the negative impact increased.
In light of these comparisons, it was concluded that the
>
impact of the petroleum exploration program on the economy 
of the study region was negative, although a few sectors de­
rived significant positive effects. The absolute output of 
the regional economy definitely increased due to the new 
industry's purchases, but nevertheless, the study region had 
a greater potential for growth before the introduction of 
the new industry. However, the accuracy of these conclusions 
is subject to certain limiting assumptions built into both 
the input-output framework and the methodology of implementing 
thi s fr amewo rk.
The critical suppositions of the framework are: (1) the
technical coefficients are constant at any level of output, 
and (2) the technical coefficients do not vary over time.
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The first assumption contradicts the principle of economies
of scale, i.e., the concept that unit costs may decrease in
(52)some industries as output is expanded. As Yan points
out, there is some evidence to indicate that this problem 
may not be severe; nevertheless, the proper resolution of 
this limitation would involve the use of some form of non­
linear production functions, but computational problems 
would become immense.
The framework's assumption of constant technical co­
efficients over time is definitely a real-world problem.
>
The substitution of one input for another is a common occur-
ance as prices change or new technologies are incorporated
into the productive process. Nevertheless, it is generally
accepted that this limitation is not serious as long as the
technical coefficients are not applied for more than three
(53)or four years . The six-year study period of this study
was stretching the time-constancy limitation; however, no 
satisfactory method of updating the table of technical co­
efficients was found.
There are also two distinct limitations of using the 
secondary sources method of creating a transactions table 
for the study region. The first of these relates to the 
assumption of the constancy of the technical coefficients 
over space. The procedure of assuming that a base economy's
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table of technical coefficients applies to the study region
does not make any distinction of differences in production
technology between the two regions, however, this problem
(54)"is generally considered to be small".
The second limitation of the secondary data procedure 
relates to the variable importance of specific commodities 
between the study region and the base region. If a base 
economy is dominated by heavy industry products, and the 
study region by intangible services, the pattern of the 
technical coefficients for any product common bo both areas 
may differ only because of the differing structures of the 
two regions. Such "product-mix" problems were somewhat over- 
come in this study be eliminating industries from the assumed 
table of technical coefficients that did not exist in the 
region, and by making import adjustments with the location 
quotient manipulations. Further methods of eliminating the
(55)product-mix problem have been described by Schaffer and Chu ;
however, the data required to incorporate these methods were 
not available.
Two limitations of methodology of incorporating the new 
industry into the regional interindustry framework were 
realized. The procedure of assigning the sales of the new 
industry's product, i.e., new information, to the export
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sector rather than to the regional crude oil sector pro­
bably induced downward pressures on the multipliers. Addi­
tionally, the indicated changes in the output multipliers 
may have been more positive if increase in crude oil pro­
duction, subsequent to the exploration program, had been 
considered.
The judgment criteria for the determination of the
\
impact of the petroleum exploration industry were the out­
put multipliers; however, the conclusions may have been quite
different if data were available for the incorporation of
>
the household sector into the second quadrant. This procedure 
would have made the generation of the various income multi­
pliers possible, and would have shown the direct and indirect 
effects of increases in personal income due to the introduc­
tion of the new industry.
Another limitation that suggests the above conclusions 
be viewed in a conditional light relates to the static nature 
of the analysis. Without question the economy of the study 
region experienced changes in its structure, i.e., the inter­
industry relationships were not constant? however, the con­
clusions were based on the assumption that these relation­
ships were static over the study period. Different conclusions 
may have been drawn if dynamic modeling of the regional eco­
nomy had been possible.
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A final limitation to the accuracy of thiŝ  analysis re­
lates to the quality of the input data. Many crude estimates 
of total gross output values were used. Undoubtedly the 
results would have been different if more accurate data had 
been available.
Suggestions for Further Study
The completion of this analysis shows that an input- 
output study of a small region can be conducted with rela­
tively limited resources and can produce satisfactory re­
sults. Beyond this, it would be entirely feasible to con­
duct a similar study of a much larger area with less than 
a directly proportional increase in effort. The methodology 
herein could be used to analyze the impact of the addition 
of any phase of mineral production to an economic region, 
or indeed, the impact of any new industry.
Any further impact analysis would be more meaningful 
if a dynamic element could be introduced into the model.
This could be accomplished by evaluating the total gross 
outputs in each of the study years. Certainly the additional 
data requirements would create some additional computational 
problems; however, even simple regression analysis of existing 
trends in sector outputs may produce more accurate results.
Another suggestion is to produce better judgment criteria 
for evaluating the impact of the introduction of a new indus­
try into the second quadrant relationships. The output
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multiplier is based on deliveries to final demand; however, 
the exploration program studied here had no regional final 
demands. The direct effect of a new industry is to increase 
intermediate demands; therefore, a multiplier based on in­
creases in intermediate sales would be more appropriate.
The final suggestion cannot be implemented by any one 
individual. The resort to crude estimation procedures for 
much of the required data for this study emphasizes the need 
for increased effort in maintaining useable data for the eco­
nomic sub-regions of the nation. Only through such efforts
>
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FACTORS USED FOR DETERMINING GEOPHYSICAL PURCHASES








15 men/crew, 7 living days/week, 
$7/man (*64-'66), $8/man (’67)
$9/man (f68), $10/man (69),
34% to retail trade, 66% to hotels.
5 work days/week, 2 line miles/day,
6 holes/mile, $20/hole.
5 work days/week, 10 vehicles/crew, 
100 miles/vehicle/day, $.0039/mile 
(r64) , $.0040/mile (’65), $.0042/mile 
(*66), $.0044/mile (*6.7), $.0046/mile 
('68) , $.0048/mile (*68) .
5 work days/week, 20 loads water/day/ 
crew, $3.00/load.
5 work days/week, 10 vehicles/crew, 
100 miles/vehicle/day, 10 miles/gal. 
gas, $.2890/gal. (f64), $.3007/gal.
('65), $.3253/gal. ( *66) , $.3448/gal. 
(*67), $.3382/gal. ( *68) , $.3307/gal.
(*69) .
5 work days/week, 10 vehicles/crew, 
100 miles/vehicle/day, 10 miles/ 
gallon gasoline, $2.00/gallon oil
144.9 gal. gas/gal. oil
153.8 gal. gas/gal. oil
166.8 gal. gas/gal. oil 
185.5 gal. gas/gal. oil 
204r3 gal. gas/gal. oil 







Sources z Vehicle repair $/mile; from American Almanac, 1972, 
U.S. Dept, of Comm., Bur. of the Census, P.' 741, J39
Gasoline $/gallon; from Petroleum Facts and Figures 
1971, American Petroleum Institute, p. 460-61.
Gal. gas/gal motor oil; from Petroleum Facts and 
Figures, 19 71, American Petroleum Institute, p.‘ 322.
All other data from interview information.
A-5
DRILLING ACTIVITY PURCHASES SAMPLE
(All figures on a per-well basis)(* indicates trade factor)
Sample Import Adjusted
Average or Averages
($) trade factor ($)
Drill stem tests 1675 .3 503
Core Analysis 1875 .5 937
Electric Logs 2625 .3 788
Cementing 2300 .5 1150
Location 1100 .5 550
Sheet metal work 50 50
Machine shope work 100 100
Fluids transport 825 825
Casing transport 625 625
Water 420 420
Drilling oils 975 .3* 293
Diesel fuel 1060 .3* 318
Damage 500 500
Drilling labor 6440 6440
Other labor 900 900
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tJ Cv Ĉ iea s  ca
O  O ' r-4
M  8Z> frjjca ca css
C\J UN Nfc> CM CMca cv> cm
CM s> s  s  es> s
sj css css c& ca ti> cm c* co ca cm «i s» c& ss 6i cs ea *-t e>/ cm ca s  M O ' N  ra cm r» <s> cm <s> cm cs* s? © n  n  «•* >o- cm cs> s
ca r.j G J  ca C& <&» Cv CM S- CS! -Si ca r-l CM t-0 ria *0 CM OJ G? CM HO Ni C\J I'M O  «S> *3 CM CM ti« tai HO CSS CO tf\ CM G  cT3. CS3csj Chi Si c& csi ca q  n  ea s  q  s  53 c  s  s? eo to ev «*;• es* ca s  to to s  to ea ea s  ca ̂  si cs? s* s> css c: s  cs 55 tv is s
era ®  cm st q  q  ess esi cii is c& is ca es> o  cm es> <s» cat* cs» o  cm co esi cm cm cim cm cm css css cm cm t o cm o  cm ess ca tsa ea cm css
cs: c%< css rrea e  
cm en cm
ca 53 s*r .
Ks Gt 55 S S i 5 J 
essi «S C52
es> cm 0CS‘ Gt CM css css rat
'O esa no
<Tm Cv G iess ts* ess
Cv CS' CaG. css 
csa cl> csj
g » era c* cv c-» 
c a  era cv
c?i o  c. 
ca o  sv Pi CS1 CS
cs/ era cs*G> GS G. CS C>
esa esi eaCi G5 <S«ess q  ca
ca »  «
CNl GOes S: G'.
O  vO T~i
cs> rv  cv CS G  CS'
LA <y u \
cv'. c;a cm 
era c i  Cv
G  CScs: ea cs S
1st is sa 
GS GS' CSl 
G i Ci4 G5
Q  (S C 5
G7> <SS GS Q  C2 CS
est is? c>te  s  ca ea ca tis
ro  G4 y-tis ci a  
ea cs. is?
g » ess. G4 .si a  ĉa GS CSi CW'
GS CS GA
o  g ; ^  era o  g.
Gl: Si C3css *a r'a<Si <5i <S
t a  <st 
®  CS G  
Q  &  S '
C5 Q  Q  
O . S? id  
ea ea Cv
c a  g s is i
c a o « 9  
ca. G> ca
<sa tsa ss
G5 G2 S> 
(S» Gv CsS
y~i r-f CO
<S5 G? rfsS 
C i G  (S3
( S  S3
Si Cv 
K  S i
S  R  S
era r a  o  
«St t a  IS'
O  S f  
^  :s  S t 
S '  G j S*
K> G3 CV
Gw - a  S i  
s:< C3 G3
(S3, f v  v i  
Ga tr \  g» 
ca 03 €?i
Q  N  rt
ca c-a ra. 
cs  t i  ca
ess ca
CIS CS 'SI 
o  G? c.a
W  ®  S3 





?3 G S  
S3 54 S I
ca es? ^
Cst ra  S t 
ca ea <S'
0  R  5i 
•S  S> S3 
5? 53 S3
v-c r o  i a
r 4  W  H
S t  c s  g j
(S  53 
s -  S3 
S3 53
553 53  ISt 
t - i  c s  e a
S i  c a  S i
55  5 5  5 5
55  r s  !T*
S i  S3 S3
CS < M &
ea. s  S3 
i s  c>: cs.
®  S  ’ 55  
Cl; s’Tv; 
CS: Chi tS
W  <M -rf
G> 5> *S  
CS CS CV
Q 0 Q  
e.s. s  v 5  
cv cv cv
XT S i  Sv
Civ f:» C_>
CV CV Cv
O  55 S> 
»-4..SL Gi 
cv cv cv
PO (S3 S> 
L\t f 5 S  
cs ca cv
nO 55 55
v-j era t.v 
cv  cv cs
Cv Cs cs 
I
e a c 3 « s .  
Cv C3. C5 
CS. Cd cs
era G3
t s  e;: er«
CV c>i cs
^>•55 -r-JCv' o o




GJ f a  IS?
Cv- vSl CV 
IS- Gv- 55
O  S t  O  
O  <Vd S3 
(S3 tVr ?s»
C5 era s>. 
cv c t  -a  
5 5  (S3. Cv
D  tO  S t
ca CM S i 
C5 S j  G3‘
G> S? 55
55  era t:a es> ts>. esa
G.i -r-f tS’, G  s  Cv s> ca <s> <s? G> cs:
t- C ©  t s
55 Cv S3 
CV CV. (TV
T-l «S (S'
S i S t C5 
s \  S i  es>
esa S3 ss
55 S \  Cv 
K» IS 0.
•^r S ' s>.
CV S i Si. 
S> C3 S *
S i  S3 s>  
0  o  s  
&  c a  &
S  t -{  i —4
H  H  Q  
S3 S '  S3
C3 S i  ilhi
S3 V  NT 
S3 CM 
Cv G . S i
S' St **r
■s a .  o  
s s o >
<srro t a  
CV O  ra  
S3 S3 S3
S  SO id. 
rc o-- s- 
ca o  s?
O . o  S3
•St Cv c>  
S '  S '  s?
CM c : ; S3. 
t-1 o  cv  
S * Sc S ’
S i S3 S5 S3; e a  S i
r .  155 us.
S3- 'Si S? 
S '  s -  s>
S i  S I  S->
. 55 5 !  S4 
S3 O  S.'
Ci- c-a cv  
c ;  co o
55 tsr CV
i-« O  S i
Q  S3 C: 
o  est S '
O  CM Cv 
CV G3 S? 
s -  c r  St
cv era ca
o  Cv S )  
r v  S '  s>
S : S  S '  
C5 S3 S .  
CV S i  54
c v  < t  ro
CV S; On 
S - S : O'
S.* NO S ' O  S  c-i CV 5> S3 S .‘ G> fS> CV S  <rH G> CM S i  O  5V G  S :  C5 5 5  S? ^  55  S.* S3 CT. 5> GJ SC S. S> S> S  «St 0  p  vCi 0  iM  55 CV S>- S  1 0 * 0  ^  Cv C5 nr O  CV. C-- S  G>
GiON o  o  o  <v ciu ca cv 0. «.v e~ cv Cv s i  cv s  cv es? Si. cv s;- cvt s  s  s  o  s* s  «a cm cv cv csv r> o  s> s  ev s» s t  s  o  ca, cv ra -r» n  c m i o  ( v  h  c j r~. s  s  o  s . cvs. (7' r5 iv s  k-j csa tu t% c- ci 0  <5 c; e>a g  »v C- s  a, e<v e:v cm s* s* cv c%* cm e-r: tv« ra cm c? cm g  g; cv r;. cm cm t> cv <Kt r-: c ; *-". 5 . cj c-* c%- o* r>* ev> r.c ta t c-̂ r*v S;
C V C  t v  5V S» 0  0  Ts 0  0  n  SM, S '  PNC S .  S  CM S i  CM Cv Gb  S I S '  S3 (S' G> tc  C>‘. CM S  S.! C i Cs <Si ts  S t O  Cv f>.‘ S  CM S3 55 C-4 Cv Cs? CC C2 CM S  OM MV' S  ( v  <x S  O  Cv CMt 1 r 1 r 1 1 1 1 1 1 1 i t 1 * t i i i
0 ;: r:j e.-a c\s c.j 00 - o  t?> S i  o:. S ;  05  c i  e -  r  » r ,  ^  sa %r t y  s  Om oh 5 * is> sv  s  c.5 c.-i» 01 oa sv o  ca  ov c -  s  s  o  5> s  r a  cm s a  0  s  A - e s t-v r  S ,  t> r o  ca  r o  cv? 1-4 cv s  S .
< ;• <•;"> M* O r v  'V  c v . j  -a ~ J  ■-> R  >.•* v> rv  'V • , *0 tj - -̂t rv ’ 0 i*» <■> :•'./ *- -  O 1 v t t o  1 -4 r-. •-. • .. f . ? .
O  rv  U ; to  rv  r-..v r *  .n; c.i. t v  V.! V.v Cv f v  t v  C- l-.‘ f‘V OV S r  S i  t v  !>' CM S .  O  Cv tv  C-/ CM t v  ( :V: CM « v C:-.i C j t j  ( v  Cm  O  tO (v  C> O  00 O- CV- -•! cv r.d r ,  G>- S
f >  G.i <S. S i  S3 CM S i  ’ .M CM Cm GO. (Si O  05 CM CM CM (r5 OS CM GA 0.1 CM CM o  O : S i  S3 55 CM OS C>‘ • Csi.O CM. Chi O  05 C.H CM G. 05 03 P5 G  CM tT* Si S' 0> G  CM
TO CM Cv Cs. tv CSi fv CV M j S.
Cl oJ CO CM Cv cv CV CO Cv c-j•r.A 'V . v -V f.y t.- Cv Cv, >c o
*ii <&* aj. cm cm ro  a t  h  s  S t t-t s -  Gv? k >  cm ^  ^  t v  rs» cm s  r  g  s -  k:: c? s .  o..- c.- clo cm cm *-i. t v  s  r .  s  s  -c-t o> e>- ro  r-'j »-( »n jv  f v  e>?
.5 S  Cd CM 05 t y  S '  <*..v Oi -..iJ CM 6> C.V -Tv C>J C*J Ov 05 Cm 'V  Cv 'y  «C f 5  C> CJ C . O  C . CJ CM G? S  LM L:J 05 C j  C5 CM -v-i C.J O-' H  CO <0 •"> Cv S
■•■> G  <V C - o.j t -  '. C CO S ' CC •'v fv> Ca C.v G  -S> vm Cv • - < .. c ■ ; 5 W  '.< '"C ::0 Cv ’.-J G  ..^ C U .O  t v  ’"C f  1 <*a* t v  >0 S  < v *'.C 03 CM 03 Cv 1' CM -
C \ re? f;-.. t"vf G : f.0 <’V tv; G .  CM S ;  1 t .̂ rv. S; cjd o  c; s i  »:v i.c r  # co ■ Z j mv  h i  w
1 1 i r i
c i  :o  o j  - a  to  o  C3 vM 0*1 r.4 <0 Co co o j  e.o to  t y  »\5 o .  Co < v  cm t a  (m <10 s
r>  r - l '■v »V • . *  j r*i r v  S i r>a 1 ; “ j  .'5 Cv •‘ 0 - j  ‘ C »*‘5 -V  1* . ^ ;‘
r , ro  S ’ ru  eo r v  r .j .• y rv  r-4 r ,/ r - , r v  ro  {'■.• ro  r v  r v  i  > »*j r >  m  iO  ^
c;-j r.v .... f .  t .  rv  O  t »  t  .
s  f  ' • t • “v  f .  < .  : /  n  *"•
O  S  r .  r  ( ki R  CJS r v  r  ■> o  r ;
r* (-V5 e r v  r-..5 1. 1 »*w r... r




















TO CCS C\J 
r« rg  \r
ca ca w
o a x v






Go r3 ra 
ta c>. <s>
vr iaoa es cm
fcl G> CS
O'. T~< Otn cv *-r CS C.M r-ic v  (Si
s> gi ss
C v CO CM
cjs V :
G t  t i i  (SI
UJ Cbi SC
w  ca s\ 
e,i «  &
H C jiO
C l •Si <o 
I S  Cs> CS
ri h  sr o  cs cs <Si GJ <Sv 
CO (£• CM 
Q & C i
Co tH 
Q CO (M 
IS  Cv CSi
C\i O  CO
Cs» O  CM 
C\2- Cs* (S’




cm ca. in 
?s cs cs
*Sl CVS CM 
t i  o  w  
CO C.J ca




fO Q H  
CS IS: Cv
ir \N O
s; go cs 
£ *  Q  <S
cv r r  ro
CM TO CM (Si GO <K
OS? Q
Si SS Si
s  s  ei
CS C 5 LTi
S! o  o
tl- GO Cv'
cs o  w
so CJ s» 
Gv <5> CM
®  S  Q
S3 3  S* 
GO O CS>
C V & S
5* Si GO 
ts C3 O
M" CSl (S.Si Si &> 
Q  ©  ©
to r-~ -i








CO. CO GO 
GO (S Cv 
Q  ©  ©
co cv in 
f-il 'S? -*S< 
Cs? GO <<:
" Z  (Si S iGO Cv GO. 
(S G? Cv.
CvV C3  vO
GO SO O 
cn c.;: ca
cs- (s. t r .
CO O GO 
G  O CS S i
vo no  no  m  v-f i*o ir*
( S  CO ( “k O  n--{ f<? r - i
tsr CO C- Gj c: i o  C.v
G> GO CO C'v IV  'V 
( I I  1 ( 1 1
^  Cv CM vO r-{ ro  N  Nfj
©  15? (V  CO O  O Q r !
o .  o .  i % t v  t . v t ,  i s
C=n> <V *S Cv GO A  G* c ; 
f i l l  I I  f I
iso *-o tr> r-i o  n- ro «t> cm
Ci O  x-i CM OS rv T-S T-i CO
(. . r - i  t v  e  . cv re  s>  s i
Cv t?* Cv Cv CO CL’ CO Cv CO 
I I. I I  I  I I  I
W  -r-i V  SO r-‘ : Cv- SO GO
GO t o  -r-c GO GO GO (V  V
G.J GO GO CV l-v Cv- tv Cv
Cv Ci‘ S. CS Go GO Gn: Cn 
I I I I
t v  x~*. x-L ©  G? GO C i  i n
CO ro  <S5 ro  c.O (O Ov
Co (n  Cv  Cv  Cv  Gv G.,V On '
r. i  s~" e? g  s> Gv ©  (S> 
I I
Gvi VO CM m  t, Nf- ’C-
..-> *-J f’i I ‘ CM iO  y~i
C i Gii t . C'i GO CS* GO
Q  CU GO C . w:>. “O G«* C i  
i r i i i r t
<v ho cv o  io to to '&
'S ': j  ? : . ( 'j* 'M '..̂  r i
GO C - (V r 3i c; C ., 'O O
r-o ft N  vO -O Gv. to X-i m•V CM •* ,- T-r- *-v in - •.
r e  c e  t-.;* t*. r-o r-c  go  r e  cm
O  CS S i  Q  C i ©  IS  CO SJ 
i i t i i f t i  r
r l r l - H G )  S2 15.*
*v "-. • *.
r o  g » r.o  r_ > go » e  C>-
©  GO O  Q  Go. CU t l-  
I t  I f
GO <ei W  S i  (5? C r tv* (Si
r co cm ro >o* gj go (■: cs
O  r i i  Q  r l  Q  C ‘ e  <51
( I i
ci fv »o oo h  c m  o  h  r s; st. c.v c m  *r c n  v  sr̂  tn to ^  %-c <* o  n> n- r*i c m  <s * «s> g > to n  c m  ^  *-•( c; rs c;* gq
(-1 Si S> Cl CM CM t-) r-l 'j vi »-f T-f r.-j t~i ^  tH O'.Gy n£. r-l '? :.•> CO CO rs Cg O  O  O  Cv tv O  C. !M- Z-j O-J
CV f>- C*l tv  r«. C--J v .  GO f-g f„H t . i  C.O C.g '» U C l f.g i'O Cj.: ( j CM S - r v  t v  c-g C-,... C.g •;..' ro  C j f& Co- CM C« C. CO <S s* ?'.*
(M r:; •*> r , r ? ,. r^- ».o r- . t o  rt* < -* cv •'-; 51 go CM CO Go CM t.- -e- <M CM tv •*;.' Si G-.\ r  .\ C. O  ( C r*
i i i I i i i i  i i i i i i r i. t i i i i i i i I i I t t i l l
t v  t s  C\> M ' CM t s  n .  S'--
C'4 t o  I'M S i  O  CM X-i (S'
to- vs tSi Si to tie n*> «:./
%r vO c  • • • ■ • . • » • . *




✓r nr* s> ct' -e-i o  » Ti r-t
u j  r-'x :  > cm ■'-• v  • .   ̂'  .
i : .  r - i  <v  (;-:•• ts« go ••;> ( • ;  o
u n i r i t  c-- • • .....................................
cc: v-t c m  ro s.' © t a o  ca ca te t>
o
L»1 I
a: cr> ta Si SI O  CSC Ch C- 
_j cm cs c.v c,:.. n  5; * i ca
<  sy <ro co c- *-> c;. to to
i— cm * r  «o *'0 • *• * ..............................
• 0  a -. < \, k >  ' v -s . t*.v co  -r-i r-,4 ce  r*. <. .• * -v
r.A -4 t >  IP, r*v
"J *5  rs  i
to O fO (O to CO -O .0 m IA %•! C.u <c# CM N ( -O CM f /  fS.t —(
^ f . {V  ' . * ■ • ■  . !  *••* v-( r - ’ CM T*» r*̂  ' - i  N-. * t
r;. rs  *-v tS Cv C v “  f'j -r'i ' re- r;. r j  **o r*s t.* ro  f l  •*:>
r- ce r.4 
' r  ■ ' .  ■ >
v t  i :i 'V  i-.j 
.1 <r*» (-v Cv
C.i CM *r-{ H  1 r.i <.o *c ci s •( o  v j
<M to 
r̂ i iA r̂ - - *
. t-« rvt k -' ' v
CM fO V# tn M*y 1^' a> O n fit s-N*. c m


































































































0 cs> rvi <si to tso ca
ta> CM






6 3  <S>
ca c\i








C3 Q  C2 CVt
ISJ H fO 
tsj cv \ r  
60 C2 63
63 CM C *  
tS  H
GO (S  O  
C3 CO- f t  
cm Cv t o
G S M
Tv S ' S i
s  &  t x
GT5 CM 62
t s  go <s
Cv o  in.
*Si O  Cl' 
CM S '  CM
®  Q  CM 
S i S* 12 
(S. C52 52
c  s  w
f i  t i l  o i
GJ iS  Q
o  'O  rv  
CJ fO H  




Cv CM y-i 
CM C l v-«
62 60 CO
cm S  cm ?s ca ts cm ci csi
M  r j  N
*':■* TSJ <V 
Cv S ' CM
s a o
CM -Si C l 
S ’ (S  CM
O ' t o  o
12 CS CM
CM S i CM
62 62 M" 
O  CM fO  
6 *  CS CM
t o  t s  eo 
fl 12 CM 
CM CM &
•St CM CM 
CM 51 ts  
S ' CM CM
oa 'O to
:-o 1 4 x-4 
CM CM S '
63 62 6i
t; in h
S i CO w  
GO CO 62
ts>. ca  t o  
s  a  ro  
©  i s  e
ro  CM NO
s  ca s r  
O  CM S ’
MJ %-i IV
fJA CM v a 
cs 62  t s
ca c i  i n
CM 6v CM 
Q  ©  ©
CM O  C3 
r i a  i l
cs s.- go
cs S3 IT., 
S! GO G  
G t S C 3
s  . c s  ^ r
S i  12  s  
62 C l CM
CM CM CM
> o s ©
<S :S  CM 
eo ca tsj
S -  S t fO
m  <s g
Si. S i  S i
H s> N V CM SO o 65 n- ft (S3 rv O' (Sf CM • ft CSk 63 rv ts sO C» 63 CO (S (Si G5 62 63 r\i
cs- 10 ro a_i cM %s t*y CM CO a> 63 60 CS5 in (S: (S fv rs> 60 sQ 6i r* ft c> tsa tM 6- 62 in
H K» CM CM GO CD 6w 60 (St v* 65 63 CM CM CS5 60 ts 63 60 63 ts 03 ts (S> ts 63 ts ts CS 62
CO © ca CM G> <S* 60 63 CM fl 60 to 6V CM rs? 63 63 IS ts ts 65 (S3 ts 63 ca C2 62 ca 63 ts
rt CM n. O' CM 60 ■vr r& ■%-i 60 O O ' CST to 63 ts cs ft 65 cn 63 ts CM . t>2 Nt 63 TS O
r0 SO ro r:c Ci ^r to Ca M' <&■ 60 CM -O 5-0 CM 60 ca- CM ro lo­ '-t O 63 CM ro 375 rl IS to
C2 Si 62 CO 65 62 tv G2 C3 ra CM 60 fj CM ts ts» o o 63 ts C3 <Sf 63 GO est 63 G3 62 Go cs
csi £0 60 60 Si 60 fl GO CM (Si *S 63 ti Si (S C3 «! (S' ts 62 ts Cs> ' Gi GO 62 63 IS GO
Si S> n - o 6V m ts <S> 66 CM CM 60 ro vO ts 60 CM 63 CO 63 ts fl Ci GO in ts 60 M-
G CM ft CM CM 63 60 f t CV. Si v-t CO 63 ft sr\ *st CM <Sl ts 60 Si 63 ft 63 Gj f# 60 60 f»
TSi CM 62 • rt 6V 62 Csi CO 60 Cv 60 CM 60 60 60 C3 ca 60 62 6.1 O <s PD 63 63 Gi GO ts GO <52
CSl ta C5> ft 6> g ;. 62 62' IS- 65. CO (S PS ts (S’ 63 IS! 62 ts G2 ts 62- r.3 ts 62 G2 63 IS 65 62
in o in ft m in O O O' ft o rv ro CM o O 63 M- CM in (St GO ro 63 ts ■M- (S 63 CO
tO ST: r-t T.1 GO vH Si CO (S fl cs TS CM 65 ts. 63 S3 GO S a. ca * GJ 53 60 62 63 63 63 ro <S
G CM 65 CM o (S CM ts (S' <s cs 15' CM 63 63 (S. 60 IS GO cv Tn CV* CSs GO 62 63 63 (S' 60
ft <S1 CSi tS: 60 63 60 (Si 63 63 ES S3 ts PS) !Sl 63, 60 ts »s <S <s t s t s t s 62 ts t s CV CS
in in ro %T CO V in CO ff CM O' r v CM ro rv CO tn 00 in in C3 in 'sT 63 G3 rv M- r v
V-f sa in fl 65 ■̂ r ft TO CO i—1 CM rv. 62 TSi m <s cs CM •s ts M’ 13 s ro 13 ra M" IS 02 H
CO sv. CO 65 6> 62 CV CM 63 6S eo ra 63 si- S i C52 C: t s 63 rv- 63 6 2 cv CS 63 GO 63 (S ts
G 65 60 62 60 6 0 ES; 6 2 O ca­ KS ts> t s 63 (S <S 60 62 M-. GO 60 6 3 (Si 63 GO & GO 6 . t s (S:
CO t n fM 65 CO l£^ CM 60* TO r s rv- < r 65 TT t s f t <X> 63 ■H f> O PS <o 6S e * O r s <£>
G S ’ r - f C.:2 t ; f l CM f t r-t n f t f t T5 f t f f S i (£' vS n f t : : cs G i rr.i t.; TS 60 CM 12
CM 60 CM 60 CM CM. C l Csi 63 CM Ci> S'. 63 60' 63 60 CO 63 <s 62 vS 62 63 cs 6> C3 GJ 62
CS* CM 60 C l 60 CM CM 60 60 60 to CM C2 to <S CS3 (Si PS C l 63 63 cs 62 cs 60 65 6.T 63 63 62
f t IS*: 6 5 f t 63 CM f t f t CO ro TS 60 C3 S3 63 63 o 63 S3 (S C3 G> O •-s* G? e GO CO t s <S
o 65 <S Si CM 60. T i S: ’S' s> CO C3 vi O 63 62 ro 50 CO •s TS ro 63 IT GO 12 62 cs s» •53
S2* 60. 6 0 CO cs.- CM CM (St CM CS5 C5i G) C55 «S» 63. ts ® (2 cs G2 CSJ. t s t s t s IS GO CO GO 62
€3. S i­ 60 62 ts? S'. CM rs> 66 CM S3 ro O C3 (S 61 60 G CV IS! IS 6 3 o 6.1 63 (S IS Gv f l GO
s>. t s O is . o TS5 60 PM vO 60 (S m. O 63 O ' G.> t l . t ' ) 63 G? tn. GT 63 M> 62 VT cO G2 t s o
Os' 65 60 CM S i r-t 6T G i S Ci r» 10 :s- rv 33 T2 f  J l i Gv IS rr 5S r t 13 ID 10 GO rs C3
KJ cs> «s. ts- TS5 CM C v’ IS: s n S ' ro r ; 6-' (S Cv 62 GO CV 6> tr-3 (S ev­ 63 tSr G1 60 CS cv 63
GO G j S> 65 6V rv. ro 60 65 t v (S CO 65 R o O <5> 6S CO <S: 63 es 13 re- f  I «s TS Gf 62
S I <S3 IA  KSi *53 O i n  K  IS> Cv ro  GO 69 <S f l  <S CO. H t o © ©  O  O ’ C l S ' CV. V I  Cv Cv S i  S i  C> CO S ' TO t o  t.v to  ^  GO S i  tSi t o  O  S i  TO CM to* t o  '?  CM t o  tv- TO %r C>; S i  S i «T c .
C2 S i  CM O  C-' t f i  ro  C3 cm C l CM 62 O  f t  SJ 551 CO f t  tS>. C<1 CS ^  ISO <S Cv CM -M S . 62  O  O  CO CO rv  CM G> ?3 G  <F? <1 > 0  K-i ©  ©  ^  G  ©  G  ^  *S  12 CM M  6V Cl. f t  O
t  v G2 r.. t v  Cv CV L i  s .  c .  S '  C : Xj 11 C - r^- f  C> <V- CS» t v  O  d  l"t‘ C l t .; t v  C.' Cv r ;  CO v-l T-, r .;  r;. G ; C J-; n -  t„.< <1 n  tv ’ Cr:. I- w c :  T -̂ fp  r v  n  l‘ l  <_v t-o cv (r, i v  .ISi I .• n -  n
r*< Cv Cl fi. CM d  Si S; CM S. CM Cl S- Si CM Cv? Cv t-l Cv «Si CM Si> C  ©  ©  S- CO SJ Ci Si <1 <V G> CV CCt Cl CM CM tv CM CM CO <£.-. CM G. CO CM £V. CM G?. Gs CM G  CV C.v VT.' (3 IS
S i  (S5 IS: t v  rj r v  -r-l r v  CO <1 V-J r.5 Cut es ^  Cvi S '  C3 •«-( t-T tr,i r - f  O  t-T C"V OJ! I 'v  r o  CM <M S  t o  c :  CM M- tn  r a  t o  IS5 t s  O  t o  ^  M- G  x <  ©  CM
cv :'•. 1  *o ' j v/ ••.; o- ' •? *v t v 'V --j -',• o  • ••? im ". -•;; *-i •-■ .« .; > — 5 «r* rr; -j '"- ; ̂ -rv -r-t rv- Mi c-. */ : ; r- ' .' -v '--• •'■ > t. '-
c-j r. ‘ CM. c.r C> c . G  CSi <>'- G  C'.’ r v  r.M ctf «'V C> r v  r-.j tv' t-V ‘ >‘. M i V7- CM C l  C . Cv Cv CM t ; C . C\: G  t;> \ v  ‘ J t - -  <■•:.» ('•-. -..j c„ C-.. c,' • V • - t ,  O  S.'
C>? c*j o  CM <S> O  O  GV «9 Cm
CM G  C. r->5 CM tSi O  G  <5'
•CC r V * • .1 '1  » •* '.. -r-i
i*-: <--• r *  -  . C i O.' •.-,. 1  G
GJ CkJ Cl. S i  O . t'M G . CM GV S i  C% CM O  CC| Cv' S i  CV CSI. f£t CV C i CO. CV G  -S? S>. Ga 6> O  CM CV S ’ 'CJ «r*-f CM S? SO O  CT.« CJ CM C'-> CV S ’ cV <Ti- CM G
c m s.- c,i cv ro c" o  cv
co Cvj r j  cv c-o r ; . -s.* s i
c-i - .s * >  t v  , «‘>i
CV <3 CV
cv rv  cm
G  rv  C i r-.i r . j  IS..
S’ C'i r‘ . »V ;.'.; <v. IS.
t v  r-? G : CM CM Cv fO  OJ CM Cm CV G  -r-f *-{ r . i  r -  f  .< K j f l  in  c .  n  r .  IM  C l S i  CM -c in
co o  *.;. ̂ -o > cm :o  o  s j  cv go cm g  ctv ro  c -  c .  .v  c.. r o  c.o G  ?o n  rz v i  co cn*
r.j IS; v  C*- tv C  Cv CM CTa . >l Cv i.M C- Sv' -V 1  Cv’ 0> <1 t'vi V Cv C- ~ * Ci- 'M It fv C/.
CV :V .  C i I'c. t-;  V f '
r v  S  T~. t . IS  (Si TV CV Cv G. v-l v—. rs  ?0
'."> C . C;i S ' G  '. ■ Cv c J T .« S- {*•• 'Cv TV
r -  r,. .̂ 3 ?>» *v Csi lo  -■*. •*.> vg  c ,  . s.- c -
r ,. rv- »'v c-v •> «., ^ j '•-.! T*',' ’si tv S. G  G
cm t . j  j  (si r*.i !,< c i  r ' v -*■>> tv  rv  t«t f t  rv  so m  -g  c.;- i-- w  g .  -rv no o  1̂ ;
i  -v  •« - , < * > • .  ’• , - .: « .• r-f r  . '  * t  '7  G  G
'•'-v r . i  "V  >"i *'-■ g  n> t o  tv* *" > c ‘> '■•> r >  ro  CM t v  c-:> G  r>  i
f' ,* ’Si * y t v  C ; T . r  » C-.- G  r -  >' •.• t  ■ r ; i  r  t r  > r  j  r . j  rv  t > >s. (%• r  > t o  r^j n  f j  C
f n;* ro  g
, -•;• v f  v  ■ 
t- «:< sfi G CV I'M ■
fv  c/s ,  c i;., m  •■; I--
tv  r .  . . - . • ? ■ •  cv *r
>" r--, I ' i  G  « . - v  M ;
rti f  > f  , <:-.. r M v-
■ <r“l V-■• G  Ci, 'C  -■•' - *’w Mr CM 1 0  <u cv
« f t  ’ '• ' j  *" SC 1 r* ~ r * ■ •- T " > ** - 1
r v  <‘V  "-, '.o rv  '" i !7\ " I  -'■*> ?-’•
t;o ' ,  t - t  »''• r - . M ' f j  »*. fU t v  i r j r j
G  in  
cs t* > r > * '» r’V























































0 <S) mtv ca 
ra  ca
no ta  r>.
r.-j- ra cm 
GO P i Kft
Ci» NT 00
cs* ro cm 
is> e?s ca
(S» in c o
ca t.v ro  
C& IS> <S)
64 W  O'cv ca *-< 
w  «sa csjp
»  csi in
to  (\i
e a  P i ISi
ca (Si in
ts.‘ 60 T-« 
e& cs ea
co in





ca ca <\i 
ra  ra  m  
Cs> CS4 (S>
t o  css in
S i cm Pi. ca Pi <sa
cm w  tn
Cm CO <>





isj- o  r *  
P i 6 )  65
C.a IS' roM  (Si vNS
Cm  Cs> P i
CSl (\J H  
c>; r \ i
C5 N  s
ca in
o  ca t-4 cs> cst G*i
Pi in  v? 
Ci *S) t*i PSS* Cv? CSi
Cv r.O O  
P\* flea 62 ra
P i CO CO 
Cm r-2 *-4 
Cv po MO
f i  <S) cn 
ca- :o  v-4 
C i Cv  Cm
Cv CO CO 
P i r - j  (M 
CSP5 6 )
CSI fsi W  
CO S i 04 
C2 rs> ca
Cm  CSX CO
m i ro • o  r.o cm
esj S j ^x
t o  mi to 
C2 Cv
h ? 3  %r 





Cii T-i tsx Ps, O
<s- ca <3 co css
CO pH Cm  CS 6 J
CO PS t o  
Si- CO is  
Cv CO PS>
Gi <v -yt
6 i  c ; h  
65 CO C5>
co tn  v-4 
cs ea -r-f 
Cm 53 CO
go c:, ct> cv <s> so
PS *35 PS)
G4 rv  ro 





P i Gi PO 
c;- to ro 
*S> Cs) *S
Cft C£ OJ 
CV P0 
CO G> C O
<si ts' r v
c a  is  **
O  (S' CV
CO MS to 
is ea ca
(S CO CO
n fs - 'T  cc s  H '
IS CJ CO CS* 60 CM
Cv M (SO P >? PS P>5
ta co *<3-
GO SX IS* 
CS1 Cv (S' ’
ea ca ta
GV‘ IS IS
6! S  vO





G> €S5 -sr 
CSX o  o  
Cm PSi Pm
SS r iN
Si CS 53 
CM IS ts
i s  ca r v
s? ea ra 
is ca is
CM IS O'
CS Gi CS5 
ta IS Cm
is > G i in‘S 63 IS- 
is- PM CS
IS. (3, T *  
P3 PS -<-4 
(5> S : IS
Q  3  rl
ca *si ci 
CS. Cm CS
CO t-4 t-4
?S PSJ r - i
6' S3 CS
Q a ^ r
Cm  -"3 G5 




fO ro CO 
r s  o  m
ta-rlPSS
I S H sO' 
H E  W 
13 P3 ?3
O  CM V>
•s xri CM
CS Gi ISl
ao ro  coS  S  CMP3 is* Gl
(M  CS fM 
63 GJ t-T.
t i*  ea cs
ro r? o
PO 34 r-f 
<S* PS> 63
rl  G> fM
ro  (3 Gl
CM PM C3
•O IS IH:
•TD. S S 
is  ?a o W O O  
PS 63 C3




ts o  cs-
*5v W  GS IS: 4 0
tSf c*v S3 s.3 in
CM «S) CM 63 CM
CSV *53 <0
v̂ « 63 PS- 
C3 <6> CM
SS G5 O  ‘ 
g : si- ttt
CM CM IS;
6 5  IS  f
•6v rs. v-6- 
fti CM CM
is is  rv. 
S 3 W  
CM CM CM
fv ‘ K  H  I S  i s  t o
Sv. 61 *-f -Vvl vS d
CM CM CM 63 CM CM
CO T-< so
G 3 6v c a  
CM CM CM-
ra  i s  cv o  -r-? roI5‘ <S T-f* Ci. 5̂ -c-tCM CM: CSX CM. CM Ci pa ro  cvrn S r-*- CM CM CM IS* -rHr i  cm65 CM. CM.
CM GX fO Q. 55 IS PO IS* K  ®  (3
a  ca G i a  r v  r v  o  a  »-i a  rv
(Si PS G>. 53  C=i C3 63 Pa v 4 S .  s -
H Q  P3
o  a  cm
(5. Q  Q
O  IS> IS) 
tH a  cc 
■m* ca ca
g i  rs> o  
a  a  g i
Q  G i S
131 ca CS5 Q  Q Q
a  ca r>  a  ca a
c a  a  ca ca cv cs
a  g * ca ta Gi is»
©  q  s  • ca. ra  o
rs> 52 CO 62 6 .  a
(3* (55 PS IS* 63 PS1
C-3 CM C3 
IS* CM O  
CM ca. P3
CM !S) Pp.
cm a  -a  
&  ca ca
52 CM 
a  PS 
tv  Ri
r v  i s  pm




c a  i s  is -
csi 153 CO 
t i  -si ra  
C i n  o
ea. esv n
5a  Nj VS’ 
62 62 G2
Cm K I >0 
C3 'O  CM 
PS- GVt CM
IS  ca 02
VS> CM CS-, 
G  Q i Q
CM ISX t*4
. cs- va x-i 
53- CV! IS:
CM CC* 00  
6  ; CM (Si
C2 PS; CM
c-3 cs> r ^
CM c -l V -  
CM CM IS'






ex rs  c s
PS- CM o
5* 5 * Tv 
IS' Cv Cv
IS' 'f - i 63* C-: C2 t-4 PS CV ca O C£5 IS: <S CO Pv CM CM 63 63 CT. PS’ CV CM IS) C5*. 02 PS CM 6v PO CM C * O/ fO IS? fcj «S» tO (3- <52 63 fO C- CSI C3. CV <53 (\l 6j I f -  p~.* CM rH O  ©• r, K. *V Cl
•a CM ca G5 O to  O d  ca *.-4 f5 G>. <S C> IS Cl K  <-.i PSJ CO *3- O .2 C3 W PO Ci © r l  ta t.v m ro <13 C5 PO CO C*>- Cm ca ra Cv <S5 IS: 3  CS I a Cv ?Sl C-> O tv T-i C. (S' tv <S) o
Pv la rv CM r-r tv; Cw IS.: ca C-v t :  C.* f.v I I  r...< IV, 6;. ra l_o ».V IV -r-i tv* r-2 tv  Cv rv t.3 IS C. cv ̂  f Mi rv <-M ra CM Cm p-y tv3 P:I 13: PS 6*0 Cv <3 Cv C-- c> 6- I a t-y tv 6.. (•-. 6. C CM (?:..
PS Cv <S C-J CV- (S’ Cv GI CS «Sl tw Cv CS> CS PS? 62 PS’ (S5 (3 tv CV PS’ CM Cs; Q  Q  O  Ci Gi C5> C3‘ Cv. IS? <S’ CS Gs> PSk W  CS Cv C;v Civi O  O  <S> (3 CM. (S', tl <3 CM IS G> G 2 Cv CV Ci 6 * CM
g: t?2 h  t:;’. is ra. t-4 ct> co ta is is, ia-1:> cm cs* »s? ci -r4 es is?, ca w  r> ra ^  <s: c.:>< ta c\r o  to w  isi's- r-a m q  q  is' tn cm. o  cm cs i a tif ▼*<
V C; M  VS *.: C. ■.' •-.’/ V- ’. 3 r :> < •'•;■ {.; %  fi r i ;- -;,- - j • s; •''• •*<.) C.: ”•,: ' . r-l '!: M 3 ) (',.'' 2 ( > '". 'S . CM O  ’S  .--v ' cs * - , ' :  . .IS/ O ra CM t- i •>;. t-.’ VS C- C-.3 ‘. j ro G> ra 5-2 tf.1 Pi C.- 1- Cs tv '.-. •.-< o>: CTv vs; «-*,» <s» (-; CM c>i '.v O '. O r; CO C-3 tv 6'- r.v CM CM Co C-, 135 3 '.3 .M VC '. .
(52. CM <S: G> tvi C3 C l O  IS  C i S i  «5> C3 C-4 Co (D  CS 62 PS- O  62- G5 r.O (S1 PS* PSi C5>) t a  CM CM IS> CM G i
G.i m  r> 63 ts  in
:* 2 v . ' '  •' " '  .ta r;o t, . c. a..-
CM CM CM CM IS' Co Co Q  Q (Si Cl CM tsi vVt t.M Cv C3 C.' Co 6i! f~2. -IS t-i O 61
cm cm -ra t* t 6? cm c-.i co c.s c :
Cv fu C j O  Co r;> I'a “M Pi O
-"v. 6.4 (S’ tv P-.-': MM 6*4 P*0
Sj tHT <V r l ca G. -r4 is -r4 C- *c* 6s Cv) 5c 63 CM (3 O  Co Pi tv. «  Gi C- ca Co r . Go -r-t tv O  C O  G>. <3 CM IS> tH
•j CM CM P I Cv Cv O  CM c;> O  S I 'S.* (s' O  Cs> C i V-S C.S P-4 t-4 CO VO 62 u  t-J 6 )  -3* -sX Cv P'.u Cv CM O  (..- :2  C..V Cv < 1 3s CM* CM ts
’ 4 MM CM c-.i C 4 CM c.'-i C t . o  -M ..** <V ^ . G-' Ms <V* M.o M2 ?•; tH  CV; C-..- C-4 5-.: CO V j  »;,> Mi V5 r v ^  M. ) C-* Sv *-4 C-,’ '  -  C-0 r>> Mo
C o MI 6-* Ca Mo - C l fO t v  M l V; : Co C * *'V 63  . 3  £-* M3 Csl ' < J. C l r.* r w- r-3 r ;  r;« c v  g * 6-2
Cl r.., Mv r>i C: Cl C’l CO 10 ISS M-4 «r-< »-< (3 » r MO tv O  i i \  Mj4 Pv <1 t’s rfj rv no C>’, Ci cv CV *3 pv T-l cv fS* i*u* n£> '*? ( I c.y CTi , - | Q  o  '-4 Ml O' M2 «••( ;n ro CV. NO < 
M r <0 : j  .\{ Cl ? .' 'i -■ *. .- - ‘ •*•' -»?,•♦•. . "0 T ■ M. r ; - . r j ’ <*,. 'V fM V. * w ” . r - - i.. •*;:.-•?) .4 ■ . • .* -, o  •- c. *k’ *. ‘ . ** . , . “4 -‘i .
rv. 15 *"> r i * r o  V  r> rr> n  to r;,> c, r  > ~0 H-i r*> «3- ro O  O  **,2 (‘■"i r z  rt r; r-j o  r* f 1 r ■ -̂> v  r-i t> o» r,> O  O  ra rj r> Ml »■ 2 r?. MO O  *"; 'V to r * Cj r i Cl r  1

















(Si e j  o
S i  Cv S '
S> (Si x-i
s> cy cv
tv GJ r-t 
O  CV S3
(Si s  cv 
C& CV> cv 
CSk CS CS
r - t  Ov r -
CV C:i O  
S3 c a  .s?
cy  <sj o
0V t i  CV
(SI (S> CSj
G> (S3 C*
s ;  s .  c j  
q  o  ca
s  fSi r o
o  (rj> r o
S3 S i  S i
CSS (S» O  
-Si c v  v-r 
ca  rs i s
tSi es> g - 
s  s  ro
CV CS‘ S
is r  s ?  c i  
TSi <Sj CV 
N  Cvi (Si
<Sr Si ».lV  
(Si *V  T-f
c ii ea  c\ j
ro  r o '
N  'O H
r o  c v  no
CSi Cv V ^ 5i vi G? O. S 3 (S3 S> O  f i K W  O  GA (Si CS» CSS Cv
cs ro  
(Si, cv 
tv cv
s  St ro 
C£ Cai ro 
cs> r s  tss
C i C i  ( o
s> cs;
S :  CD S i
s  s> r o  
s  s? cv 
(Si S  C?
IS  IS  vO 
Si tv cv 
S  C5 G)
(SI CS ^3
(SI (5.- (S. 
G» S3 C£
G) (S  G*«
(S? csr G l 
E) (2 Ci>
O  \ 0  t f \  
r o  r o  r v  
n  s  r v
S t  s s S I  r - t  S I r - t  s t  r o S  C S lS GJ 5T trv Q Q ^ r t s S i  fO s t  r o  0
S? T-l S i-S A  r - t G i S i  CS r s  * s  k > S  S  r t 13 S  (S3 (S' a  s r^ . , - t  nt
CS cv S  S  ( ? r v  S3 g C5v S -  S r G> S i  S i ey  ( a  c s s - S  S3 r - f  r - t  fO
S3 S3 S? (S’ c s S r  (S' PS SS (S3 ST 5SJ «SJ R ! (Si ca. c c ?a ( S  (Si H  r - t  r t
r o  r -t rv.
rv  «3 Cii 
O  R  CSc
ro  r-?
S i  ra  rss 
S  cs- CD
o  -r-f ro
S  3  (?■• 
G ' S3 CS>
r o  s  H
(M S3 r - t
S  5 2  S
co cs- in
gj rs> sa 
S i  GJ O
o  (S’ r v
r-C S2: cs> 
ca ( a  ts*
ro  rs> ro
O  co O
V f O r <
<r* -^r s :  tr? ro
G; cv 3 s> o
t v  csj- cs; <si t a
t i  tJ  fSl ( i i  (S
g *  m  i n
i l  ^  G> 
CS> 3
PS? S3 O'-
©  V* C,
s »  c y  cs>
3  r - j ,~ r  
G> Ss G-
S3 r 4  o
tv i o. c. 
c v  t a  cy
(S' SV vO 
3  O  Z3\ 
CD CD CD
CD
Ci. r*v r*3 | 
CD r-» in i
G> CD . CD CSi (Si S i
<s> rv-
IS? . 3  3  
cv  g . ( a
G f O  C3s
c v  ca  
C3 (S’. (Si
<a S3 rss 
G  Q  Ci- 
(Si S3 (3
O  (S5 (S'- 
G i 3  G i 
G; (SV CS\
c a  ? s  ca
Gy ry  «a 
G ‘ CS? (Ss
3 ea G.
3  G> 3  
(2 G S
i d  r -  o
r v  r* G3
ro  «* is
cu cm
G> rO 
G  '; G?
S i i r >  ST. *S G> 
G  G:- (S>
G  (S: ICS
(S> 3  3  
G.* CS G
13  IS  O  
G> IS? S  
G  ca *Si
G  G . ('•>• 
rr.- 3  ir4 
G. (3 o
(Si cu rv
s i  3  3  
O  G r SSi
3  '.s. -r-{
ra  Gv!
G  G i C3t •
f>> un  i i)  tv. 10 c  cs cs- cv r<; ^  o  w i s  o  g:- to. gj. g .  G3 cv ts  *s g> to  trs vo to  rvi»A
c:- cs r:v ci cv. is  o  rs: <s e.v r<, is> ca r-( o  to rv  g> (3. cv g - cv g> cv gv r - i  ra  rv  to p a
<3. c.w- rv cc rv  is  cv pv (•;> ts. rv rv  c-3 tv  p..1 tv. tv  -̂.* n* cv*- w  cv t:> ri« to  tv> tv  t ,; c\iia&
Civ; Cvv I S J & S  Cv t v  PS* ( 3  C‘v. CV (3  G  O  Cv G* 3  CV tS) G i CVr GV CV G>- CS- CV t> ; *e-( r-i -ri C V fw -
n.- ( 3  t-v r-t t v  r v  r-^ c v  t v  rv  r o  g  (3 r v  r.v  c s  cv- r a  * o  t v  g ;  rv, Go cs t:> t-r- in  o -  v r  -r-t'•. 1 . *> v-i v -;v fi 'i' '•> •.: i ' -.v. -, c?  ̂ "t "; ’ ---• * > r r >•: x> :o '"j <>
r : ; C..‘ 1 3  G  ’.v : V C.* t v  C,' O  t  »r C:J <V r i  r v  O i L CV Cv Cv C-j :>• '3- Cv v<  r-l .3
(S» Gi =3 tC. C3> (Si CS O IS) Gi O G {9 pa O t3. O. Ct CS. <3 G? Gt t-l <SV rsi Ĉj •*iV r-i r-t r-4
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Ĉ - &  G1
is? rs  rs
ex cs ex 
(S3 (Si G5
G  »  S  
S  X) Si 
CS ex G5
G3 in ts
CX O  tSics cs es
r-i ir» ex 
,-r l  CV 3  
t o  (Si IS*
v r co nro in 3  co ro is
(53 CV Q
3  O  S! 
cs cs ex
ex ex 
tv  cs 
to  (St 3
r^- ex ex
CM CS 3ro <si 3
in  3  ex
tH  s  ex 
'J  &1K(
c>: ex 
ex cs 3 
ex erx ex
cm ex cs ex ex es
H N Q
ro  cv o  
ro  ex cŝ
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